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LEARNING A MOTOR TASK UNDER VARIED 
DISPLAY CONDITIONS !? 


NORMAN B. GORDON * 
New York University 


Continuous perceptual-motor (track- 
ing) tasks have come to present con- 
siderable conceptual difficulty to the 
theorist interested in extending ac- 
cepted learning principles to them. 
There are at least two basic causes 
for this difficulty. First, it is ex- 
tremely difficult to break a continuous 
task down into conventionally identi- 
fiable stimulus and response com- 
ponents. Second, even where it is 
possible to do so, it is found that 
tasks may be similar in terms of 
specific stimuli and response but differ 
in terms of the temporal and sequen- 


' This article is based upon a dissertation 
submitted to the Department of Psychology 
in the Graduate School of Arts and Science 
at New York University in partial fulfillment 
of the requirements for the Ph.D. degree. 
The author wishes to express his appreciation 
to James N. Farr, Richard S. Christie, and 
Douglas H. Fryer, who successively sponsored 
the thesis. 

*The research was a part of Project 
20-OS-14 in the Human Engineering Depart- 
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Device Center, Port Washington, New York, 
and the author is deeply grateful for the 
assistance and support given by the Center 
to this research. 
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New York. 
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tial relationships among these ele- 
ments. It is often found that ap- 
parently similar tasks produce sig- 
nificantly different learning when 
compared in transfer designs. 

Thus, Lincoln (1954) found that 
a group of Ss originally trained with 
verbal knowledge of results in a rate- 
of-hand-crank-turning task learned 
the rate of movement significantly 
better than groups given visual as well 
as verbal knowledge of results in 
training. It has been observed that 
there is little intertask transfer be- 
tween pursuit and compensatory track- 
ing (Andreas, Green, & Spragg, 1954). 
In a comparison between instrument 
and contact flight performance, Ritchie 
and Michael (1955) found that while 
instrument flight was a more difficult 
task to learn, it produced higher 
transfer to contact flight than prior 
training on contact produced for 
instrument flight. In mirror-tracing 
experiments, mirror reversal after 
initial training produced negative 
transfer if Ss ignored what Cook 
(1947) called “kinesthetic memory”’ 
of the path and attended to visual 
Bilodeau (1952) found strong 
evidence that two similar motor tasks 


cues. 
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produced different kinds of learning 
as a result of differences in the 
character of the feedback informa- 
tion. In each of the above instances, 
the same responses were required in 
the various versions of the tasks used. 
There is a strong suggestion that the 
cause of differential transfer is prob- 
ably the fact that the differences in 
external stimuli result in different 
learning by the Ss. This possibility 
offers a better explanation than 
the conventional attempt to ascribe 
differential transfer to “taskdifficulty.” 

In recent work by Poulton an 
attempt has been made to deal with 
the problems of the kinds of adapta- 
tions made in learning continuous 
complex _ tasks. Poulton (1952a, 


1952b) has pointed out that tasks by 
their very nature range from those 
in which S is continuously dependent 
on external stimuli (“open tasks’) 
to those where S learns the entire 
sequence of required responses and 
achieves independence of signals from 


the environment (‘closed tasks’’). 
In a more recent experiment, Poulton 
(1957) has compared various degrees 
of intermittency in external stimulus 
information with continuous informa- 
tion during a pursuit tracking task. 
He points out that where stimulus 
information is obliterated for brief 
periods of time, S’s error rises as if he 
were not tracking at all, but that 
practice with the eyes closed in the 
use of kinesthetic cues could improve 
the matching of a simple input when 
the display was invisible. ‘Thus, data 
from a variety of sources suggest that 
complex tracking tasks may vary con- 
siderably in the kinds of adaptation 
required by S to perform them. 

The purpose of this study is to 
test the hypothesis that differential 
learning and retention may result 
when tasks requiring identical re- 
sponses differ both quantitatively 


and qualitatively in the stimulus 
dimension. Specifically, it ishypothe- 
sized that stimulus changes affect 
the kind and amount of learning 
and retention needed to perform the 
task. For example, dialing a particu- 
lar number on the telephone when 
the numbers are visible is a task 
which differs greatly from one where 
S must dial the same number under 
blindfolded conditions, yet the re- 
quired motor tasks are identical. 
An individual who has learned the 
latter task will probably be able to 
perform the former without additional 
learning. This is probably not true 
if the former is learned first. The 
real difference is the manner in which 
S “acquires the stimulus.” 

Some tasks provide meager external 
perceptual aspects and hence require 
a rote-like memorization of the se- 
quences of responses or of stimuli. 
Tasks which are perceptually richer 
require less learning because the 
quality and number of stimuli avail- 
able during performance facilitate 
getting to the correct responses. 
To study the consequences of such 
variables, four tasks were designed 
requiring identical responses but dif- 
fering in the following way. The 
first situation, called pattern memory 
(PM), requires S to track an unseen 
target, the path of which has been 
presented in advance. The second 
task, called pursuit tracking (PT), 
requires tracking of a seen target 
with a follower. The third task, 
called response memory (RM), re- 
quires tracking of a seen target with 
an unseen follower. The fourth task, 
called compensatory tracking (CT), 
requires canceling out follower move- 
ment with respect to a fixed target. 
By experimental design all possible 
transfer combinations among the four 
tasks were observed. 
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METHOD 


Experimental Design 


After pretraining, 16 groups of Ss were 
given nine training trials, four groups to each 
task (PM, PT, RM, and CT). After train- 
ing, one of the four groups for each original 
task was transferred to the same task 
or one of the other three tasks. The second 
period also consisted of nine trials for all 
groups. The design is a simple factorial 
transfer experiment. Each individual trial 
was 45 sec. long and was followed by 1 min. 
of rest. Each set of three trials was separated 
by 3-min. rest periods; and the two periods 
of nine trials were separated by 5-min. rest 
periods. 


A pparatus 


The experimental apparatus consisted of 
portions of an experimental tracking device 
developed by the U.S. Naval Training Device 
Center‘ for the purpose of demonstrating 
the effect of different control-display relation- 
ships on performance. Two different dis- 
plays and a single set of controls were used 
(see Fig. 1). 

Controls. —Two rotary hand-crank controls 
were used in this experiment. One hand 
crank controlled a vertical axis and the other 
a horizontal axis on the display panel. Each 
control moved in the same way. When 
centered it was in the zero position. The 
control was spring loaded so that when 
released it returned to the zero position. 
It was possible to move the controls approxi- 
mately 160° to the right or left of center. 
The hand cranks were connected to precision 
potentiometers to provide signals which 
operated the displays and provided scoring 
information. 

Displays-—Two displays of information 
were used. The combined display consisted 
of a 94 & 94-in. vertically placed, slightly 
curved white screen constructed of polished 
Lucite and rendered translucent by applica- 
tion of flat white paint to the surface away 
from S. Two circles of light representing 
target and follower were projected on the 
screen by projectors whose movement was 
controlled by the program unit. ‘The larger 
circle (j-in. diameter) was the target and the 
smaller (j-in. diameter) was the follower. 


* The experimental apparatus used in this 
research is that developed as Project 9-U-72, 
“Human Engineering Principles Demonstra- 
tor” in the U. S. Naval Training Device 
Center Laboratory. 
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Either of the stimuli could be turned off 
without affecting the actual system move- 
ment. The combined display was’ used for 
the pattern memory, pursuit, and compensa- 
tory tracking tasks. The separate dimension 
display consisted of two manometer strips, 
one vertical and the other horizontal. Each 
was 9}-in. long. A target indicator moved 
back and forth on one side of each strip and 
directly opposite the follower indicator. 
The follower was painted red (see Fig. 1). 
The separate dimension display was used 
for response memory to eliminate the possi- 
bility of seeing the tracing of the two-dimen- 
sional path of the target and to force S to 
concentrate on a more “rote-like’’ learning 
of responses. The center of the display was 
46 in. from the floor corresponding to average 
eye level of seated Ss. The controls were 
placed 24 in. away from the display on a 
a table directly in front of S. 

Program mechanism.—This unit combines 
inputs from the controls and from an electro- 
mechanical cam on which task information 
is stored. The output of the program 
mechanism is transmitted mechanically to 
the displays and resulted in both target 
information and S-produced display changes 

Scoring.—Scoring was accomplished by 
continuously comparing target position with 
S's responses. The output of the scoring 
mechanism consisted of a varying voltage 
which represented the magnitude of the 
distance between target and follower, and 
was recorded on Brush recording paper. 
For scoring purposes the Brush record was 
read once each second. ‘The error score 
consisted of the sum of 45 readings for each 
trial. 


General Procedure 


All Ss were familiarized with the device 
by pretraining in the operation of the controls 
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in conjunction with the combined display. 
The pretraining consisted of explanation of the 
control and display operation and then actual 
operation of the follower to trace a few simple 
patterns. In the case of Ss who used the sepa- 
rate dimension display either during first or 
second experimental periods, additional in- 
struction was given prior to experimentation. 
They were informed that the new display gave 
information equivalent to that from the 
combined display, but in two separate parts, 
and were asked to manipulate the controls 
and observe the relationship of control move- 
ments with the follower movements. Specific 
pretraining test patterns were given. No at- 
tempt was made to explain to S that the re- 
quired responses were the same for the tasks 
they would practice (most Ss practiced two 
different tasks). 


Experimental Instructions and Cond1- 
tions 


Pattern memory.—This task was performed 
with the combined display. The S was told 
that the target would trace out a sort of 
clover-leaf pattern. An overlay of the pat- 

1305 
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110- 
100- 


90- 
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PM 








ERROR SCORE 


tern was placed over the display and S was 
allowed to observe the target light following 
the tracing. The S was then told that he 
would have to remember the path taken by 
the target, as well as the rate at which it 
moved, as it would not be visible during his 
performance. His task was defined as that 
of “tracking an unseen target.” He was 
further told that he would be given knowledge 
of results at the end of each trial, and allowed 
to see a tracing of the total path again before 
subsequent trials. He was allowed to study 
the pattern again during a 45-sec. observation 
of the target movement, and the experiment 
was begun. The target light remained off, 
but the follower light was visible. At the 
end of each trial S was shown a tracing of his 
path compared with ‘that of the target. He 
was verbally informed of rate errors. At 
the end of Trials 3 and 6, he was again al- 
lowed to observe one cycle of operation of the 
target prior to proceeding. 

Response memory.—This task used the 
separate dimension display. After pretrain- 
ing on the display (described above) S was 
told that the target, which consisted of 
vertical and horizontal pointers, would move 
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TRIALS 
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Error scores on the tour experimental tasks of four groups of 40 Ss each during 


training and of one control group of 10 Ss each during the second or transfer period. 
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TABLE 1 


ANALYSES OF VARIANCE OF LOG MEAN ERROR SCORES 
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Source of Variance Trials 7-9 
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3.631 | 57.635** 
-050 794 
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.037 


First-task effects (A) 

Second-task effects 
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AXB 


9 1.703 
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1.064 .324| 2.746 


1.421 | .217 
| oh oetee 5.137 | 43.534°* 
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3.816* | .204 | 
.049 


2.950* 


4.163* | .118 
.040 
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Bartlett’s x*test* |15| 23.98 
| 


23.71 


21.29 | 
| 





_ Note.—The interaction error term was used as the denominator in determining the F ratios because the design 
is a Type II or components of variance design in which the levels of each factor were randomly selected. 


* Required for significance at .05 level: 24.996, 
*P < Ol, against within-group error, 
* P < O1, against interaction error. 


or rest independently of each other. ‘The 
Ss’ task was to operate the controls so as to 
match the target position from moment to 
moment. The follower pointers, however, 
remained at rest, so that S had to remember 
the appropriate position of the controls for 
various positions of the target pointers. 
Knowledge of results was given verbally 
after each trial by E. At the end of the 
Trials 3 and 6, S was again allowed to manipu- 
late the follower pointers prior to proceeding. 

Pursuit tracking.—The Ss were given the 
following instructions for this task which used 
the combined display : 

“In this task the target you see in front 
of you will start to move on the display. 
You will be required to manipulate your 
controls in such a way that you keep the 
follower superimposed on the target during 
the trial. It will not be too fast or too slow. 
Try to work as smoothly as possible. Do 
not be abrupt in your movements. You will 
be able to tell how well you are doing by ob- 
serving how closely the target and follower 
overlap during performance.” 

The target described a clover-leaf type 
of path identical to that of the pattern 
memory task. 

Compensatory tracking—The combined 
display was used. Instructions for this task 
were identical to those of pursuit tracking. 
The task differed in that the target remained 
stationary during the task, and the follower 
was moved by both S and the apparatus. 
The S's task consisted of nulling follower 


movement and of attempting to keep the 
follower aligned with the target. 


Subjects 


The 160 male Ss were selected at random 
from three classes at the U. S. Merchant 
Marine Academy, Kings Point, New York. 
The Ss were randomly assigned to one of 
16 experimental conditions and were sched- 
uled for a testing hour. 


RESULTS 


Figure 2 summarizes the results 
of the experiment insofar as_ the 
comparison of performances on the 
four tasks is concerned. ‘The left- 
hand side of Fig. 2 is a plot of the 
error scores of four groups of 40 Ss 
during nine trials (first set). The 
right-hand side of the figure shows 
the error scores of four groups of 10 
Ss continuing the same task practiced 
in the first set, during the second set 
of nine trials. All groups reached 
the approximate asymptote of per- 
formance after nine trials. The groups 
show statistically reliable performance 
differences with the exception of Re- 
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sponse Memory and Compensatory 
Tracking. 

The error scores were subjected to 
analysis of variance at four points. 
Each point represents the average 
error score during three trials. The 
points selected were Trials 7—9 during 
the first period and Trials 1-3, 4—6, 
and 7~9 of the second period. The 
error scores were converted to loga- 
rithms to satisfy the requirement of 
homogeneity of variance. 

Table 1 is a summary of the analy- 
ses. During training, the groups 
practicing first tasks differed signifi- 
cantly. At the same time, those 
groups which will in the second period 
practice different tasks do not vary 
significantly. 

During the transfer (second) period, 
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groups do not differ significantly 
with respect to the over-all effect of 
first-task training on second-task per- 
formance (the first-task main effect 
during the second period). However, 
the second-task main effects become 
highly significant. Significant inter- 
actions are found at the three points 
tested during the second period, 
giving evidence of differential transfer 
effects. 

Figure 3 is a presentation of the 
effect on tasks in the second or trans- 
fer period of type of task practiced 
during the first period. One group 
practicing each set continued the 
same task in the second period; all of 
the others practiced new tasks. From 
these comparisons, it is quite evident 
that learning resulting from practice 
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TABLE 2 
PERCENTAGE TRANSFER SCORES RESULTING From DirreRENTIAI 
First-PERIOD TRAINING 





| Trials 1-3 (Second Task) 


PT RM | CT | PM 


| 
| PM 


. | cell 
—14* |—21* 
—17* 
(100) | 


80 
93 


81 
80 | 


i 


First-Period Task 


Trials 4-6 (Second Task) 


0* 100) | 42 
(100) | 

| —18* |(100) 

—16* |(100) | 107 | 157* | 30* (100) | 14 | 133 


Trials 7-9 (Second Task) 


PT } 
81 | 95 (100) | 68 | 64 
31*| 71 86 |(100) | 50* 
103 | 83* | 60* | (100) 
| 42° 


cT pM | PT RM | CT 
64 
88 
103 


| (100) 





* Differences between control and transfer groups significant at .0S level. 


in the first period is differentially 
effective for new tasks depending 
upon which task follows. This is 
further confirmed in Table 2 which is 
a summary of the analyses of differ- 
ential transfer effects and is based 
on an application of Formula 3 in 
Gagné, Foster, and Crowley (1948). 
From Table 2 and Fig. 3 it can be 
seen .that amount of transfer of 
training is not uniformly the same 
from a given first task to all second 
tasks. Furthermore, if Fig. 2 is 
examined along with Table 2, it can 
be seen that amount of transfer does 
not appear to be directly related to 
level of performance achieved during 
training. 


DISCUSSION 


The four tasks of this experiment 
constituted variations of the display 
conditions under which a motor task 
was to be performed. Performance of 
each of the conditions resulted in varying 
degrees of proficiency and varying trans- 
fer to each of the other conditions. The 
following is an attempt to comprehend 
some of the phenomena that were 
observed. 

Improvement in such perceptual- 
motor tasks takes place when there is 
an observable improvement in timing 
and speed of response. In the present 
experiment, S is directly dependent 


upon external stimulus information pro 
vided by displays. If the information 
is not sufficient, S becomes dependent 
upon direct (response produced) 
indirect (E provided) knowledge of 
results. Implied in the concept of 
knowledge of results is some permanent 
adaptation (or a form of learning) 
applicable to the task. This can consist 
of learning the perceptual pattern of 
external stimuli in such a way that 
required responses can be predicted 
ahead for a period of time (Poulton's 
“perceptual anticipation’’) or the kines- 
thetically mediated rote-like learning of 
a set of required responses, or some 
combination of the two. 

In the present experiment, the displays 
were so arranged as to emphasize the 
requirement for different kinds of adapta- 
tion by S. Pursuit tracking provided 
optimum information, which included 
both knowledge of results and ample 
knowledge of what to do at the right 
time. Pattern memory provided a high 
degree of information concerning external 
stimuli but knowledge of results was 
available only indirectly. Compensa- 
tory tracking provided a high degree 
of knowledge of results, but little infor- 
mation that would aid in predicting 
external stimuli. In response memory 
the precise pattern of external stimuli 
was broken up through use of the 
separated dimension display and knowl- 
edge of results was only indirectly avail- 
able. These tasks the 


or 


thus varied in 
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the degree to which S was receiving 
information necessary to produce a 
sequence of appropriate responses. Fig- 
ure 2 is a graphic illustration of the effect 
of these information differences. Even 
though there is a general tendency for 
all groups to improve, approximately 
the same degree of separation between 
groups is maintained throughout. The 
pattern-memory groups suffer on two 
accounts, both in terms of delayed 
knowledge of the pattern as well as 
knowledge of the proper timing of re- 
sponses (since target information is not 
available). The other tasks all provide 
timing information, but obviously differ 
in terms of the usefulness of this in- 
formation to the task at hand. It is 
interesting to note that performance on 
compensatory tracking and _ response 
memory, though not differing signifi- 
cantly, produce greatly differing transfer 
results. 

The major purpose of the experiment 
was to determine if the differences in 
information availability between the 
tasks would, in fact, result in different 
learning patterns by S as a consequence 


of the kind of adaptation required by a 


particular task. It was hypothesized 
that learning as inferred on the basis of 
transfer results would be a function of 
both the amount and the kind of learning 
required by the training task. In other 
words, the amount of transfer to a new 
task was expected to be dependent on 
the learning acquired during the training 
task even though this learning was not 
demonstrated in terms of proficiency 
during performance of the training task. 
Thus, pursuit tracking was expected to 
demonstrate relatively less transfer than 
other tasks. It does in fact transfer 
poorly to pattern memory and response 
memory. Its efficiency as a training 
task for compensatory tracking (over 
100% transfer) gives evidence that the 
task of target-follower alignment was 
facilitated in pursuit tracking by the 
high degree of anticipatory information 
presented by target movement in a well- 
organized perceptual pattern. The S 
was able to effect a reduction in delay 
very readily. In transfer to compensa- 


tory tracking this manipulative ability, 


‘plus familiarity with the approximate 


sequence and magnitude of the required 
responses as a temporal sequence, un- 
doubtedly was responsible for the high 
degree of facilitation. The same ap- 
proximate familiarity with response se- 
quences was not sufficiently precise in 
transfer to the ‘‘memory” tasks where 
S is required to learn much more about 
the nature of the relationships between 
available stimuli and required responses. 

Compensatory tracking and pattern 
memory ranked highest in transfer 
value and hence gave evidence of pro- 
ducing the greatest amount of trans- 
ferable learning. Each of these tasks 
provides less stimulus information than 
pursuit tracking. Each in its own way 
requires S to make an additional adapta- 
tion to that required by pursuit tracking. 
The pattern memory task requires S 
to remember the entire pattern or 
tracing of the target path and, in addi- 
tion, to remember the correct timing 
of responses in order to perform ade- 
quately. This is the most difficult task 
in terms of achieved proficiency. How- 
ever, the resulting adaptations lead to 
high positive transfer to the other tasks. 
Here again degree of proficiency on the 
training task was no indication of po- 
tential transfer value. Compensatory 
tracking leaves out almost entirely 
the anticipatory information provided 
in the pursuit tracking task. The S 
in this task receives no knowledge of the 
over-all pattern of the target but only 
discrete changes as the follower is 
displaced from the center of the display. 
The only way that S could learn this 
task with zero error was either to re- 
member the entire pattern of responses by 
kinesthetic means or to develop such 
a high degree of proficiency in response 
to the discrete changes in the display 
that he could respond by immediately 
producing the required movement. Here 
again transfer is uniform and high and 
apparently bears no relationship to the 
degree of proficiency during training. 
Response memory is the poorest transfer 
producer. Even though S in response 
memory was extremely dependent upon 
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experimenter-provided knowledge of re- ; 


sults, the intermittency and extreme 
rote-like character of the information 
he acquired made what he learned but 
marginally useful in the other, more 
well-organized tasks. 

In view of the differential effectiveness 
of training on one task for transfer 
to the other tasks, it is concluded that 
S learns different things as a function of 
the particular relationships between 
stimuli and responses in a given task. 
While one can only speculate concerning 
the kinds of learning that take place 
in perceptual-motor tasks (and the data 
in the present experiment can only be 
taken as indicative of a range of possi- 
bilities), it is clear that complex per- 
ceptual-motor tasks require highly 
specialized and differential adaptations. 
Such variations in adaptation can even 
occur in tasks requiring identical re- 
sponses and where the stimuli in an 
objective sense are highly similar. Learn- 
ing must be some function of what S 
must acquire and retain in order to meet 
task requirements. This learning may 
or may not be appropriate to new similar 
tasks. 


SUMMARY 


This study is concerned with an examina- 
tion of the hypothesis that learning in per- 
ceptual-motor (tracking) tasks is a function of 
the nature of the information contained 
in the stimulus inputs to S. An experiment 
was performed in which identical two-handed 
tracking responses were required in the 
context of four variations of stimulus inputs. 
The variations consisted of pursuit, compensa- 
tory, pattern memory, and response memory 
tasks. A 4 X 4 factorial design was used 
to study learning and all possible transfer 


combinations between sets of two tasks. 
Nine training and nine transfer trials were 
used. Results give evidence supporting 
the hypothesis that what is learned, and 
hence transferred, is a function of amount 
and kind of stimulus information available 
in training. Amount of transfer of training 
was a function of both the transferable 
learning that took place during training 
and the relevance of the learning for a given 
transfer task. 
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Studies involving classical defense 
conditioning of the human eyelid 
response have compared the acquisi- 
tion performance resulting from 100% 
(continuous) and 50% (partial, inter- 
mittent) reinforcement schedules. 
Two studies, one by Humphreys 
(1939) and one by Grant, Riopelle, 
and Hake (1950), failed to find contin- 
uous reinforcement superior to 50% re- 
inforcement. Although Humphreys 
did not find a significant difference 
between the two conditions, evidence 
has been presented (Grant & Hake, 
1951) that indicates this may have 
been due to the inclusion in the data 
of sensitized “Beta’’ responses oc- 
curring in the first 200 msec. following 
the onset of the CS. Grant, Riopelle, 
and Hake’s negative findings involved 
the use of response magnitude as the 
behavioral measure, the magnitude of 
CR’s being greater with 50% rein- 
forcement than with 100% reinforce- 
ment. 

Later studies (Grant & Hake, 1951; 
Grant & Schipper, 1952; Grant, 
Schipper, & Ross, 1952; Gynther, 
1957; Reynolds, 1958) which have 
avoided the inclusion of “Beta” 
responses and used frequency as the 
response measure, have consistently 
found higher levels of conditioning 
with 100% reinforcement. The evi- 
dence thus indicates that, under these 

! This study is based on a thesis submitted 
to the Graduate College of the State Uni- 
versity of lowa in partial fulfillment of the 
requirements for the M.A. degree. The 
writer is indebted to Kenneth W. Spence 


for advice and assistance throughout the 
course of the investigation. 


conditions, 50% partial reinforcement 
produces a decrement in conditioning 
performance when compared to that 
obtained by continuous reinforcement. 

Study of this decremental effect 
of partial reinforcement has been 
handicapped by the small numbers 
of acquisition trials that have been 
given. The primary concern in the 
majority of cases has been in the 
effect of reinforcement schedule upon 
resistance to extinction and as a result 
the acquisition periods have been lim- 
ited in length. Only Gynther’s (1957) 
study, which was not concerned with 
extinction, has involved as many as 
100 acquisition trials. If learning 
(habit growth) occurs only on rein- 
forced trials in aversive conditioning 
there will be, in the case’ of 50% 
partial reinforcement, only half as 
many increments of habit strength 
compared with 100% reinforcement 
for the same number of trials. To 
investigate the decremental effect of 
nonreinforced trials without the con- 
founding of differential numbers of 
reinforcements, a 50% reinforcement 
group should have had double the 
number of trials received by the 100% 
reinforcement group at the point of 
comparison. This can be achieved by 
making comparisons in terms of 
reinforced trials rather than by trials 
alone. 

Since a maximum of 50 reinforced 
acquisition trials has been given, 
study of the effects of 50% reinforce- 
ment for a period at and beyond the 
asymptote of learning is not possible 
with the available data. If some 
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inhibitory factor continues to develop 
on nonreinforced trials the perform- 
ance curve should drop after this 
point. It is possible, on the other 
hand, that during prolonged training 
the performance of a 50% group might 
approach that of a 100% group. 

Switching from partial reinforce- 
ment to continuous reinforcement 
and vice versa offers another means 
of investigating the effects of non- 
reinforced trials. Switches to partial 
reinforcement should provide informa- 
tion regarding the rate of development 
of factors depressing performance and, 
similarly, changes from partial to 
continuous reinforcement should re- 
sult in evidence relating to the dissipa- 
tion of inhibitory factors. Further 
data of value would be gained from 
determination of the final levels of 
performance following switching. 

One study which involved a switch 
in reinforcement conditions was that 
of Kimble, Mann, and Dufort (1955). 
In the course of investigating “‘clas- 
sical” and “instrumental”’ eyelid con- 
ditioning (UCS on every trial and 
UCS omitted when a response was 
made to the CS) shifts were made 
from one reinforcement condition to 
the other. This in effect resulted 
in mean switches from 100% to less 
than 10% reinforcement and from 
40% to 100% reinforcement. The 
group shifted from continuous rein- 
forcement showed a small but signif- 
icant drop in performance while the 
group shifted to continuous reinforce- 
ment jumped over 40% within a 
block of 10 trials. These results are 
of limited relevance to the present 
problem due to the small N (six per 
group) and the fact that the amount 
of change in reinforcement varied 
from S to S depending upon the 
individual’s performance. 

The present experiment was de- 
signed to provide data on the effect 


of 50% partial reinforcement upon 
acquisition of the conditioned eyelid 
response over a longer period than 
has heretofore been investigated, and 
also to provide data on the effects 
of switching from continuous to par- 
tial and from partial to continuous 
schedules of reinforcement. 


METHOD 


Subjects.—Seventy-seven women and 35 
men from a course in introductory psychology 
served as Ss. Two women and one man who 
gave CR’s to test trial presentations of the 
CS alone were discarded as were four women 
and two men who exceeded the criterion used 
to exclude voluntary responders. This cri- 
terion, as in previous studies (e.g., Reynolds, 
1958; Spence & Taylor, 1951) was the occur- 
rence of more than 50°, CR’s with a latency 
of less than 300 msec. Three additional Ss 
were discarded, one due to E error and two 
due to equipment failure. The 100 remain- 
ing Ss were assigned to five groups at random 
except that the proportion of women to men 
was fixed at a ratio of seven women to three 
men. 

Apparatus and method of recording.—The 
Ss were seated in an adjustable dental chair 
which was located in a semisoundproof room 
illuminated by a shielded 7}-watt bulb and 
separated by a third intervening room from 
that housing the recording apparatus and 
stimulus controls. The equipment for re 
cording eyelid closure, which involved a 
potentiometer-polygraph system, has been 
described elsewhere (Spence & Taylor, 1951) 

The CS was an increase in brightness of a 
2}-in diameter circular milk-glass disk, 
located 51 in. in front of and slightly above 
the eye level of the S, from less than .004 ml. 
to .23 ml. The UCS was a 50-msec. 2.0- 
lb./sq.-in. air puff delivered through a .062- 
in. diameter orifice to the right eye by a 
110-v., 60-cycle AC-operated solenoid valve. 
The onsets and durations of the CS and the 
UCS were controlled by means of Hunter- 
Brown (1949) decade-type electronic interval 
timers. 

Conditioning procedure.—Each S was given 
instructions to blink once to the ready signal 
and then to look at the disk on the wall, 
remaining as relaxed as possible, until the 
light went out. Following the reading of 
the instructions each S received three presen- 
tations of the CS alone, to check for any 
initial conditioned response tendency to the 
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light, and one presentation of the UCS alone. 
Following Trial 80 the headset adjustment 
for each S was checked. This involved an 
interruption of less than 30 sec. No addi- 
tional lights were turned on in the experi- 
mental room, dim illumination from an 
adjoining hallway providing sufficient light. 
The interval between the ready signal (the 
word ‘‘Ready”) and the CS onset was 2, 3, 
or 4 sec. randomly varied. Intertrial inter- 
vals of 15, 20, and 25 sec., averaging 20 sec. 
and arranged by fixed schedule, were used. 

A CR was recorded whenever the record 
showed a deflection of 1 mm. or more in the 
interval 200-500 msec. following the onset 
of the CS. 

Experimental design.—Two reinforcement 
conditions, 100% and 50% were employed. 
The 50% reinforcement condition consisted 
of half reinforced and half nonreinforced 
trials presented in a prearranged sequence 
within which neither type of trial occurred 
more than twice in succession. A reinforced 
trial involved a 500-msec. CS-UCS interval 
while on nonreinforced trials the UCS fol- 
lowed the CS onset at 2400 msec., an interval 
at which McAllister (1953a; 1953b) has 
shown that very little or no conditioning 
occurs. In both types of trials the duration 
of the CS extended 50 msec. beyond the onset 
of the UCS, both stimuli terminating together. 

Five groups of 20 Ss (14 women and 6 men) 
were conditioned. Two groups received the 
same type of trials throughout conditioning, 
Group C being given continuous reinforce- 


ment for 200 trials and Group P receiving 
a 50% partial reinforcement schedule for 
220 trials. Three other groups were switched 
from one condition of reinforcement to a new 
reinforcement schedule. Group P 40 C was 
switched from 50% partial to continuous 
reinforcement at Trial 40, receiving a total 
of 120 trials, while two other groups, C 20 P 
and C 100 P, were switched from continuous 
to 50% partial reinforcement after Trials 
20 and 100, respectively. The total number 
of trials received by Group C 20 P was 120. 
Group C 100 P received a total of 200 trials. 


RESULTS 


Partial versus continuous reinforce- 
ment.—Acquisition curves for Groups 
C and P in terms of the percentage 
of conditioned responses occurring in 
successive blocks of 10 trials are 
shown in Fig. 1. Inspection of the 
curves reveals that the continuous 
reinforcement schedule produced a 
consistently higher level of perform- 
ance. The Mann-Whitney U test was 
used to test the difference between 
Group C and Group P during Trials 
1-20, 21-40, 41-60, 101-120, and 
181-200. The difference was sig- 
nificant in each case with two-tailed 
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P values of .019, .004, .006, .016, and 
.006, respectively. It should be noted 
that the middle three blocks of trials 
tested (21-40, 41-60, 101-120) were 
those immediately following points 
where switches in reinforcement 
schedule occurred for the other three 
groups and that at these points 
Curves C and P were significantly 
different. 

Unless otherwise stated, Mann- 
Whitney U tests were used in the 
comparisons which follow. A_ two- 
tailed P value is given in each case. 

Partial to continuous reinforcement.— 
Figure 1 also presents the curve 
for Group P 40 C. No significant 
difference was found between this 
group and Group P on Trials 21-40 
(P = 401). Following the switch 
in reinforcement schedule the curve 
gradually approaches that of Group 
C. Groups P 40 C and P are sig- 
nificantly different over Trials 41-60 
at the .022 level of confidence while 
on Trials 101-120 Group P 40 C and 
Group C do not differ significantly 
(P= .447). 

Continuous to partial reinforcement.— 
Acquisition curves for Groups C 100 
P and C 20 P are presented in Fig. 
1. In both cases the level of per- 
formance drops to that of Group P 
following the change in reinforcement 
schedule, the drop being quicker for 
Group ©;100 P. While there is no 
significant difference (P = .924) be- 
tween Groups C and C 100 P on 
Trials 81-100 there is a significant 
difference at the .010 level during 
Trials 101-121. Trials 101-200 re- 
veal no significant difference between 
Group C 100 P and Group P 
(P = .757). 

The drop in performance for Group 
C 20 P is more gradual, although a 
comparison with Group C over the 
first block of 20 trials on which partial 
reinforcement was received reveals 


a significant difference (P = .015) 
and a comparison with Group P over 
the same trials fails to allow rejection 
of the null hypothesis (P = .136). 
An analysis of variance was carried 
out comparing Groups P, C 100 P, 
and C 20 P on Trials 101-120. The 


groups did not differ significantly 
(F <1). 
While Trials 101-111 and 21-30 


represent the first blocks of 10 trials 
during which Groups C 100 P and C 
20 P received 50% reinforcement, 
the first actual nonreinforced trials 
were not given until trials 102 and 22. 
Trials 103-112 and 23-32 therefore 
represent the first 10 trials following 
the receipt of a nonreinforced trial. 
The mean percentages of CR's made 
on these trials were 6.5% and 6.4% 
lower, respectively, than those made 
on Trials 101-110 and 21-30. In - 
Fig. 2 the percentage of CR’s made 
by Groups C 100 P and P is plotted 
by individual trials from Trial 95 
to Trial 112. The decrement follow- 
ing the switch to 50% reinforcement 
appears to occur on the first trial 
following receipt of «a 2400—msec. 
CS-UCS interval, the percentage of 
response on that trial (45.0) being 
little higher than the mean for Trials 
111-120 (43.5). 

Comparison in terms of number of 
reinforcements.—Acquisition curves in 
terms of reinforced trials are presented 
in Fig. 3. Where partial reinforce- 
ment was received, the percentage of 
response over each block of 10 rein- 
forced trials represents the number 
of responses made in a 20-trial block 
divided by the number of responses 
possible in that block. In the graph 
Groups C and C 100 P are combined 
to Trial 100. 

When comparisons are made in 
this manner the conditioning curve 
of Group P is seen to rise more rapidly. 
The difference between Groups P and 
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parison is made by trials. No sig- 
nificant difference was found be- 
tween Group C 20 P and Group 
P over reinforced Trials 21-40 
(P = .667) or 51-70 (P = .764) al- 
though after Trial 40 the Group 
C 20 P curve is consistently below 
that of Group P. 

In an effort to determine the amount 
of conditioning that took place at 
the 2400-msec. CS-UCS interval, as 
well as to see if responses were being 
madé in the 500-msec. period beyond 
the 200—500-msec. CR interval, trials 
involving the long CS-UCS interval 
were scored for the number of re- 
sponses occurring 500-1000, 1000 
1500, and 1900-2400 msec. following 
the onset of the CS. The results 
for Group P are presented in Fig. 4. 
Inspection of the curves reveals that 
the three intervals were similar both 
in level of response and amount of 
increase (approximately 10% over 
220 trials). The results for Groups 
C 100 P and C 20 P were essentially 
the same, the curves lying between 
10% and 30% response with the differ- 
ences between the means at any point 
generally less than for Group P. 
When the interval from 500 to 2400 
msec. was scored, the mean percent- 
age of response for Group P was 
found to be 40.0, 57.5, and 67.5 for 
Trials 1-20, 81-100, and 201-220. 


DISCUSSION 


Partial vs. continuous reinforcement.— 
The results of the present experiment 
are in agreement with the previous 
studies which have found higher ac- 
quisition performance in classical defense 
conditioning under conditions of con- 
tinuous reinforcement. The significant 
difference between the continuous and 
partial group curves when compared 
in terms of reinforced trials indicates 
the presence of some kind of decremental 
factor resulting from nonreinforced trials. 
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Since the partial group curve appears to 
have reached a stable asymptote, the 
evidence indicates that the extended 
conditioning period did not result in: 
(a) an increase in performance to the 
continuous groups level, or (b) the decre- 
ment in performance that would have 
been expected if the inhibitory factor had 
continued to increase after the asymptote 
of learning had been reached. 
Continuous to partial reinforcement. 
The sudden drops in performance follow- 
ing switches from continuous to partial 
reinforcement do not support the notion 
of a gradual growth of an inhibitory 
factor over a large number of nonrein- 
forced trials. While a part of the sudden 
decrement might be attributed to the 
disrupting effects of a change in pro- 
cedure per se, it does not seem likely 
that this could account for the continuing 
lower performance of the switched groups 
for the remaining 90—100 trials. 
Evidence that the continuing post- 
shift depression was due to the same 
factor as that responsible for the partial 
curve decrement is given by Group C 
20 P. In contrast to Group C 100 P, 


which followed the partial curve’s asymp- 


tote, this group's conditioning curve 
rises gradually after its initial decrement, 
increasing with the growth curve of the 
partial group. effects, 
plus the fact that the partial group 
reached a stable asymptote, suggest 
that the inhibitory effect of nonrein 
forced trials reaches a maximum very 
rapidly, possibly after one nonreinforce 
ment, and remains at a constant value 


These switch 


while the partial schedule is continued 
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The suddenness of the performance 
decrement raises the question whether 
or not the factors acting in this situation 
might be classified as ‘‘set’’ variables, 
i.e., related to some degree of ‘‘volun- 
tary” control. Several studies (Grant, 
1939; Hilgard & Humphreys, 1938; 
Norris & Grant, 1948) have demon- 
strated that an inhibitory ‘‘set” defined 
in terms of the instructions given the 
subject may reduce the frequency of 
responding. Clarification of the role 
of such inhibitory set factors, which 
could result from self-instruction, in 
the present experiment would seem to 
be dependent upon further studies con- 
cerned with this problem—perhaps in- 
volving nonverbal organisms or the use 
of differential instructions given subjects 
under different reinforcement conditions. 

Partial to continuous reinforcement.— 
The group switched to continuous rein- 
forcement at Trial 40 gradually ap- 
proached the performance level of the 
continuous group. This indicates that 
dissipation of the inhibitory factor 
is much slower than its acquisition. It 
is possible that if more than 20 nonrein- 
forcements were given before the switch 
the final level of conditioning would 
remain below that of the partial group. 
Note should be taken that, in contrast 
with the groups switched from continu- 
ous to partial, the switch from partial 
to continuous reinforcement did not 
involve a new type of trial since Group 
P 40 C had experienced two reinforced 
trials in succession three times, as well 
as 14 single reinforced trials, during its 
partial-reinforcement phase. 

The 2400-msec. CS-UCS interval.—In 
the present study nonreinforcement in- 
volved the use of a 2400-msec. CS-UCS 
interval. In all but one (Reynolds, 
1958) of the previous studies cited, 
nonreinforcement consisted in the pres- 
entation of the CS without the UCS 
being given. The possibility should be 
considered that, with this technique, 
performance ‘following a switch to par- 
tial reinforcement might be much dif- 
ferent. Evidence bearing on this ques- 
tion is provided by a later unpublished 


study performed in the lowa laboratory 
which was primarily concerned with 
another problem. In this experiment 
two groups of 28 Ss each were switched 
to 50% partial reinforcement for 20 
trials following 100 conditioning trials 
with a 4-lb./sq.-in. air puff UCS. For 
Group I a nonreinforced trial involved 
a 2400-msec. CS-UCS interval while for 
Group II the UCS was omitted with the 
CS terminating after 500 msec. Both 
groups dropped significantly from Trials 
81-100 to Trials 101-120, Group I drop- 
ping 15.36% to a level of 58.03% CR's 
and Group II dropping 21.9% toa 58.4% 
CR level. Thus in comparing the two 
types of nonreinforced trials in switches 
to 50% reinforcement, omission of the 
UCS and termination of the CS resulted 
in a slightly larger decrement in per- 
formance than switching to a 2400-msec. 
CS-UCS interval. 

The strong UCS used in this later 
study resulted in a relatively large 
number of ‘“voluntary’’ responders. 
Analysis of the data for these Ss revealed 
a smaller but significant decrement 
following the switch, the percentage of 
response dropping 9.17% in the case of 
Ss receiving the long interval trials 
(N = 12) and 3.40% for those for whom 
the UCS was omitted (N = 12) as a 
nonreinforcement condition. 

McAllister’s finding that a long CS- 
UCS interval produces little or no condi- 
tioning is supported by the analysis of 
responses made during the long CS-UCS 
interval trials. Even after 110 reinforce- 
ments at 2400 msec. the percentage of 
response for the 500 msec. preceding the 
puff is below 30% and not significantly 
different from the number of responses 
made 1000-1500 msec. following the 
onset of the CS. When responses were 
scored over the whole 500-2400 msec 
interval, the increase in percentage of 
response for Group P from Trials 1-20 to 
Trials 81-100 was found to be 17.5%, 
a value that compares closely to the 
increase (15.5%) found by McAllister 
when a group that had received a 2500 
msec. pairing on each trial was scored 
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over the interval 100-2500 msec. follow- 
ing the onset of the CS.? 


SUMMARY 


Conditioning of the human eyelid response 
was carried out for five groups of 20 Ss each 
in order to provide data concerning (a) 
the effects of 50% partial reinforcement dur- 
ing an extended number of acquisition trials, 
and (b) the effects of switches from con- 
tinuous to 50% and from 50% to continuous 
reinforcement. 

One group of Ss received continuous 
reinforcement for 200 trials while a second 
group received 50% partial reinforcement for 
220 trials. A reinforcement involved a 500- 
msec. CS-UCS pairing, a nonreinforced trial 
a 2400-msec. CS-UCS interval. Both groups 
reached stable asymptotes with the partial 
group significantly below the 100% group. 

Two groups were switched to partial 
reinforcement, one following 100 continu- 
ously reinforced trials and the other after 20 
such trials. Totals of 200 and 120 trials, 
respectively, were given. Both groups 
dropped quickly to, and remained with, the 
performance level of the group that had 
received partial reinforcement throughout 
training. 

The fifth group was given 50% reinforce- 
ment for 40 trials and then switched to con- 
tinuous reinforcement, which was continued 
for 80 trials. Following the switch the condi- 
tioning curve gradually approached that of 
the continuous group, being not significantly 
different from it during the last block of 20 
trials. 

The significant difference between the 
50% and 100% reinforcement groups after 
an extended conditioning period was inter- 
preted as indicating the presence of some 
kind of decremental factor resulting from 
nonreinforced trials. Since the 50% group 
reached a stable asymptote, neither a con- 
tinued growth of an inhibitory factor nor 
a continued increase in performance to the 
100% level was indicated. The sudden 
decrements in performance following switches 
to 50% reinforcement indicates that the 
inhibitory effects of nonreinforced trials 
reach a maximum very quickly, possibly 
after one nonreinforcement. The more grad- 


2 Myers (1950) found a 10% increase in 
random blink rate when a 3000-msec. visual 
CS was given alone for 80 trials and a 12.7% 
increase when a group was given 80 presenta- 
tions of an air puff alone. In both cases 
the interval measured was 2300 msec. 


ual approach of the group switched from 
50% to 100% reinforcement to the 100% 
group’s performance level suggests that 
dissipation of the inhibitory factor is much 
slower than its growth with nonreinforce- 
ments. Analysis of the responses made 
during the long CS-UCS interval trials sup- 
ports McdAllister’s finding that such an 


interval produces little or no conditioning. 
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VISUAL VELOCITY ! 
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University of California, Santa Barbara 


Despite an early start in experi- 
mentation, there have been few stud- 
ies of the difference threshold of the 
magnitude of visual velocity, and 
these have not yielded definitive 
values. Aubert’s (1886) initial in- 
vestigation of the problem indeed 
was so unsystematic that it defies 
attempt at summarization. There 
have been two subsequent studies. 
Bourdon (1902, p. 192): reported 
threshold values based upon data 
from only one S. In the investiga- 
tion by Brown and Mize (1932) there 
were only two Ss, each of whom made 
but a small number of judgments 
at any one standard. Further, in 
both cases there was investigated 


only a limited range of rather slow 
motions.* 


! This article is based on the first writer's 
masters thesis at the University of Cali- 
fornia, Santa Barbara. The research was 
supported by the U. S. Air Force under 
contract AF 33(616)-2024 with the University 
of California monitored by the Psychology 
Branch of the Aero Medical Laboratory, 
Directorate of Research, Wright Air Develop- 
ment Center. Permission is granted for 
reproduction, publication, use, and disposal 
in whole or in part by or for the U. S. Govern- 
ment. 

Appreciation is expressed to Robert W. 
Reynolds for his valuable and time-con- 
suming contributions to the project. 

? Presently at Sandia Corporation, Albu- 
querque, New Mexico. 

3 Mention should be made of the more 
recent study in which Hick (1950) found 
threshold values for sudden changes in veloc- 
ity, over a wide range of standard velocities. 
Although S has a far different task than 
when comparing two ongoing motions, it is 
of interest that his threshold values are quite 
comparable to whose that have been obtained 
for the latter task. 


The present study was designed 
to make a new assessment of the 
difference threshold under conditions 
which eliminate the shortcomings of 
earlier work and which insure accurate 
measurement. A satisfactory deter- 
mination would fill an obvious gap 
in our psychophysical knowledge of 
perceptual abilities, and might pro- 
vide a basis for expectations in tasks 
requiring the reproduction or match- 
ing of motions in the environment, 
e.g., tracking. 


METHOD 


The S observed two rotating black disks. 
Each had a small white dot near its edge. 
His task was to compare and to equate the 
velocity of the two target dots. 


Apparatus 


Display.—The S was seated 2 m. from 
the target display. The disks were positioned 
perpendicular to his line of sight on a flat 
white background panel. Following are 
the pertinent dimensions: diameter of disks, 
100 mm.; diameter of: target dots, 12 mm.; 
distance of center of dot from center of disk, 
90 mm.; distance between centers Of disks, 
42 cm. i 

A partition was placed between the two 
disks so that S could see only one at a time 
when his chin was in the rest mounted on 
either side of the partition. A separate 
spotlight was used for each disk. This 
furnished an illumination of 48 ft.-c. as meas- 
ured with a Macbeth Illuminometer. 

The disk on S's left provided the standard 
motion. Its rotational velocity was held 
constant for a block of trials. The velocity 
of the other disk was adjustable by S through 
a continuously variable and unmarked control 
wheel mounted on a black box near his right 
hand. 

Standard-motion units.—Five synchronous 
“Circle B” motors with the disks attached 
directly to their shafts produced the five 





. B. BRANDALISE AND R. M. GOTTSDANKER 


~SYNCH MOTOR 
/ 


Fic. 1. Schematic of the apparatus. 


standard magnitudes of velocity. The rota- 
tional rates were 10, 20, 30, 60, and 90 rpm. 
In Table 1, which presents the results, the 
velocities are also specified in two other ways. 
The first is the path velocity of the target dot 
in millimeters per second. The second is the 
angular displacement velocity at the eye of 
the S in degrees of visual angle per second. 

During the experiment the  standard- 
motion units were interchanged for each 
block of trials. 

Variable-motion unit.—The S adjusted 
the rotational rate of the variable target 
by his remote control positioning of the 
speed control on a precision ball-and-disk 
integrator. Output of the integrator could 
be varied continuously from a rotational 
rate of zero to three times that of the constant 
input. Three synchronous Bodine motors, 
rated at 15, 25, and 60 rpm, were interchanged 
as the constant input to the integrator accord- 
ing to the standard-motion unit employed. 

The S’s control wheel was fixed to the 
rotor of a selsyn transmitter. The rotor of 
the selsyn repeater fed through a 30:1 reduc- 
tion gear box to the speed control of the 
integrator. The entire range of output rates 
for any one constant input motor was covered 
in 48 complete rotations of S's control wheel. 
Figure 1 shows a schematic of the experi- 
mental apparatus. 

Timing circuit.—Rotational rates of the 
target disks were measured by an electronic 
modification of the mechanical method 
reported by Klein (1942). The basic circuit 
consisted of an audio oscillator, a photo 
diode, and an electronic counter. A 180° 
shutter mounted on the output shaft of the 
integrator (or on one of the standard-motion 
units when it was‘ being calibrated) was 
located between the photo diode, which was 
mounted on the reverse side of S’s back- 
ground panel, and a spotlight 2 m. away. 
Light was focused through a lens so that a 


narrow beam of light fell on photo diode 
through 180° of shaft rotation. Stability 
of performance was improved by a blue 
filter which reduced the infrared rays. 

When the photo diode was activated, its 
resistance decreased, shorting out the oscil- 
lator input to the counter. During the time 
that the 180° shutter shaded the diode, the 
counter received 700 impulses per sec. from 
the oscillator. Rotational rate of the target 
disk thus could be computed. Frequency 
output of the oscillator varied only .21% 
after 5 hr. of continuous operation. 

Calibration.—F or each of the five standard 
units, the number of impulses in 180° of 
rotation was determined on 100 measure- 
ments. Speeds based on the mean counts 
deviated between .09% and 1.37% from the 
rated speeds of the five motors. The maxi- 
mum relative SD around any mean was 
46% of the mean value. 

When the method of measuring perform- 
ance on the variable-motion was calibrated, 
the shutter was attached to the output shaft 
of the integrator, where it remained for the 
rest of the experiment. Adjustment was 
made of the variable target’s speed until 
it seemed to be the same as the slowest 
standard speed, and 100 readings were taken 
on the counter, with S’s control wheel sta- 
tionary. This process was repeated for the 
other four standard speeds. Using the aver- 
age of three readings on each adjustment 
(as was done in the experiment proper), 
the maximum relative SD attributable to 
this method of measurement is .26%. 

Since the lowest relative threshold (and 
a very atypical one) reported previously 
was 2.4% of the standard velocity (Brown 
& Mize, 1932), it was felt that the apparatus 
and techniques of measurement were entirely 
satisfactory for present purposes. 


Subjects 


Five men and five women, undergraduate 
majors in psychology at the University of 
California, Santa Barbara, were used as 
Ss. All had 20/20 vision (Snellen) and were 
naive regarding the task. 


Procedure 


The psychophysical method of average 
error (or adjustment) was used. The S was 
permitted to take as long as he wished in 
making each adjustment and was allowed 
to bracket his responses. No restrictions 
were placed on the manner in which judg- 
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TABLE 1 
SD's (THRESHOLDS) AND CONSTANT ERRORS* 
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ments were made: S was encouraged to use 
whatever method suited him best. 

Typically, S took about a minute in all 
to make an adjustment, looking at the 
standard and the variable each two or three 
times. No one was observed to look back 
and forth in an attempt to synchronize the 
two dots, nor is it likely that this could have 
been done because of the chance relation 
in positions of the dots. 

Several of the Ss reported counting elapsed 
time to cover a zone in the case of the lowest 
magnitude. In all instances this method was 
said to have been dropped very soon. When 
asked whether rotational tempo (as tapping 
once per revolution) had been employed, 
all Ss reported negatively. It seems that 
the very large number of trials discouraged 
adjusting on any basis other than general 
appearance, since the more analytical tech- 
niques required a much greater expenditure 
of effort. 

Each S underwent two 3-hr. test sessions, 
spaced a day apart. In the first session he 
started on the lowest standard magnitude 
of the range and worked up through the 
highest, making 25 adjustments at each 
standard. In the second session he worked 
in the reverse order. Thus S had 50 per- 
ceptual matches to make at each standard 
magnitude of velocity. A preselected se- 
quence including 25 values clearly above the 
standard and 25 values clearly below was 
used by E in setting the initial velocity of the 
variable disk on the 50 trials. A 10-min. 


rest period was introduced halfway through 
each session. 


RESULTS 


Table 1 shows the relative SD's 
and constant errors of the 10 Ss at 
each of the five standard magnitudes 
of velocity. Values are given as 
percentages of the standard magnitude 
in question. 

Constant errors in many cases are 
sizable. Obvious sources of bias are 
position, sequence, and range effects. 
However, the proper controls for the 
study of these effects were not im- 
posed as they would greatly have 
complicated the testing procedure 
and analysis of data. 

The SD's provide the threshold 
measures which were sought. It may 
be noted that the mean SD’s range 
from 5.87% for the next-to-highest 
standard rate to 9.49% for the lowest, 
with an over-all mean of about 7% 
There is no evidence for a U-shaped 
function. 

The analysis of variance in Table 2 
shows both Magnitudes and Ss to be 
significant at the .01 level. How- 
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TABLE 2 


ANALYSIS OF VARIANCE OF THRESHOLDS 


Source df MS F P 


19.10, 7.39 |) O1 
21.20} 8.21 1 
2.58 


Magnitudes 4 
Ss 9 


MxXS 


ever, only comparisons involving the 
lowest magnitude provide critical 
differences at the .01 level, or indeed 
at the .05 level, the required differ- 
ences being 1.96% and 1.46%, re- 
spectively (Lindquist, 1956, p. 166). 
Further, when the lowest magnitude 
was removed from the analysis of 
variance, the mean square associated 
with magnitudes was reduced from 
19.10 to 3.28, which in turn gave an 
insignificant F of 1.44. The large 
and consistent variation among Ss 
is noteworthy. While S,; and Sx 
never descended below a_ threshold 
of 6.6%, Sie was below 2% on two 
of the speeds. 


DISCUSSION 


It appears that Weber’s law of the 
invariance of relative threshold is ap- 
plicable for all but the lowest magnitude 
of velocity tested, since significant dif- 
ferences among the other magnitudes 
could not be demonstrated, even at a low 
level of confidence. It is surprising 
that the threshold remained low for the 
highest magnitude since some Ss com- 
plained that the target was “blurry” 
and hard to estimate. 

A comparison may be made between 
the values found in this study with those 
obtained by Bourdon (1902) and those 
obtained by Brown and Mize (1932). 
In .all three investigations, the same 
viewing distance, 2 m., was employed. 
However, as is pointed out by Brown 
and Mize, it is not certain that the 
same values should be expected to hold 
for translatory motion, such as they 
used, and for rotary motion, such as 
Bourdon (and the present study) em- 


ployed. There remains the possibility 
that the values depend upon the rotary 
rate of the disk rather than the distance 
moved by the target. Information on 
this problem would be provided by a 
study in which the pair of disks was 
placed ‘at different distances from S and 
in which the distance of the dot from 
the center of the disk was varied. 
Finally, there is always a difficulty in 
drawing firm conclusions from values 
derived by different psychophysical 
procedures. 

Some adjustment is necessary for the 
values Bourdon reported with the 
method of limits. Each of his incre- 
ments was an increase of 1/50 of the 
standard speed. It seems likely that his 
threshold values of 1/12 and 1/8 refer 
to the fourth and sixth increments, 
respectively. Therefore, in the first 
case the .50 probability threshold would 
fall between the third and fourth steps, 
and in the second case between the 
fifth and sixth steps. The best esti- 
mates of threshold by the .50 probability 
criterion are 7% and 11%. The thresh- 
old values reported by Brown and 
Mize are already in the form of .50 
probabilities. 

When the method of average error 
is employed, the meaning of .50 prob- 
ability of detection is less clear. Prob- 
ably the best estimate is the point which 
marks off the probable error, half of the 
adjustments being within this range and 
half without. Present relative thresh- 
olds in terms of SD’s were converted 
to probable errors by multiplying by 
.6745. 

Findings of the three investigations 
on difference thresholds are compared 
in Table 3. The most striking fact is 
that present values are consistently 
the lowest, being generally below 5% 
as compared with the other values, 
which tend to run over 10%. It is 
difficult to see how very much of this 
effect can be attributed to the somewhat 
different concept of a .50 probability 
of detection with the method of average 
error. Probably more important is the 
difference in the nature of a “trial’”’ 
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in this method. First, S had unlimited 
time to observe the motion. It may be 
suggested in the method of limits that 
S feels obliged to make a choice at each 
step within a fairly short time. Second, 
in the present method S could have 
several effective trials in one recorded 
trial as he was free to bracket any 
adjustment he had made without having 
it count. This would naturally reduce 
the variability of his choices. One 
other point is that Bourdon’s threshold 
values would perhaps have been lower 
had he not maintained a point of fixation 
in the center of the disk. 

There are some other points of interest 
in the comparison. The extreme dip 
in relative threshold reported by Brown 
and Mize for their 10 cm./sec. (2.9°/sec.) 
motion wasn’t found in the present 
study, nor is there a comparable dip 
anywhere else in the table. Within the 
range of magnitudes employed, the 
present study shows more consistency 
in general than has been found previously. 

The present study is the first to give 
any idea of the range of variation be- 
tween Ss in this threshold. Because 
no obvious differences in technique of 
viewing were observed or reported it 
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might have been expected that such 
variation would be moderate among Ss 
of similar age and background. On the 
contrary, cases were found for some 
velocities in which the value for one S 
was five times that for another S! A 
number of possible explanations suggest 
themselves. High values might be due 
to inattention, fatigue, or confusion. 
Again, there may have been discrepan- 
cies in how the motion was seen (e.g., 
as rotary motion of a disk or as motion 
of a dot along a circular path). It may 
be that some Ss had learned how to 
evaluate rates of motion. Unfortun- 
ately, the present study can only pose 
the question, not provide the solution. 


SUMMARY 


Ten adult Ss were given the task of adjust- 
ing the rotational rate of one disk so that a 
small target dot near its edge appeared to be 
moving at the same speed as the target dot 
on another rotating disk. Rotational rate 
of the comparison disk was set at one of five 
values between 10 and 90 rpm. ‘These 
provided path velocities of the target dot 
between 9.4 and 84.8 cm./sec., and angular 
displacement velocities between 2.7 and 24.3 
of visual angle. Thresholds were defined 
by the SD of adjustments of the ten Ss 


sec 


TABLE 3 


RELATIVI 


DIFFERENCE THRESHOLDS (.50 PROBABILITY) 


Standard Magnitude of Velocity 


Study 


Rotational 
RPM 


Present : 
Circular target motion; 
Method of average error 


10 
20 
30 
60 


Bourdon (1902): 
Circular target motion; 
Method of limits 


Brown and Mize (1932): 
Linear target motion; 
Method of limits 


— Difference 
Phreshold 
Ang (%) : 
Displacement P 
(Deg./Sec.) 


Path 
(Cm./Sec.) 
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Mean values obtained relative to that of 
the standard magnitude which was being 
matched ranged from 5.87% to9.49%. Only 
the slowest speed tested differed statistically 
from the others, it giving rise to the highest 
value obtained. 

Present findings were compared with those 
of other investigators. All thresholds were 
expressed as the relative difference required 
for a .50 probability of discrimination. For 
the present study this was accomplished by 
multiplying the mean SD by .6745. Values 
obtained here tended to be slightly below 5%, 
or about half the size of those found pre- 
viously. An attempt was made to relate 
discrepancies in results to differences in 
methods of'experimentation. Note was also 
made of the marked variability among Ss 
in the present study. 
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INFORMATION AND AUTOKINETIC MOVEMENT ! 


WARD EDWARDS 


University of Michigan 


The ordinary visual world looks 
stable and stationary. Often, how- 
ever, Ss will report that an objectively 
stationary dot or pattern of light in an 
otherwise dark room is seen as mov- 
ing; this illusion is called autokinetic 
movement. What properties deter- 
mine whether or not a stimulus will 
appear to move autokinetically? Or, 
to put the question another way, 
why do not ordinary visual stimuli, 
like this page as you read it, seem to 
move? 

The usual stimulus for autokinetic 
movement is dim and small. But 


two previous experiments (Edwards, 
1954a, 1954b) show that dim stimuli 
subtending 60° or more of visual angle 
and bright stimuli (174 ft.-L.) subtend- 
ing 73° regularly produce autokinetic 


movement. These are not upper 
limits; presumably even larger and 
brighter stimuli would produce auto- 
kinetic movement if prevented from 
illuminating other objects. Clearly, 
neither the large size nor the bright- 
ness of this page is what stabilizes it. 

One of the previous experiments 
(Edwards, 1954a) showed that a rec- 
tangular matrix of dots stimulated 
more autokinetic movement than the 
same matrix with all dots masked ex- 


‘This research was done at the Systems 
Operator Research Unit, Operator Laboratory, 
Air Force Personnel and Training Research 
Center, under ARDC Project 7737, Task No. 
27107, in accordance with ARDC Technical 
Requirement No. 181-56, in support of the 
research 71d development program of the Air 
Force Pe sonnel and Training Research Center. 
Permission is granted for reproduction, transla- 
tion, publication, use and disposal in whole or in 
part by or for the United States Government. 
The author is grateful to James L. McDade, who 
ran Ss and analyzed the data. 


cept the outer rectangle and the cen- 
tral fixation point. This finding vio- 
lates the principle derived from many 
previous experiments that the more 
stimuli present, the less autokinetic 
movement will be seen. It therefore 
suggests that autokinetic movement 
is associated with a monotonous visual 
world, one which either has very few 
objects in it, or else has many objects 
but arranged in a regular and mean- 
ingless way. Perhaps autokinetic 
movement occurs “with a_ highly 
redundant visual world and does not 
occur when the visual world is full 
of information. This principle . . 
would suggest that an irregularly ar- 
ranged field of dots should show less 
movement than a regular one contain- 
ing the same number of dots in about 
the same total extent” (Edwards, 
1954a, p. 495). The present experi- 
ment examines that prediction. 


METHOD 


A pparatus.—A large light box into which 
masks could be inserted, plus appropriate timers 
and switches, was the apparatus. A mirror 
system extended the distance light traveled from 
box to S to 16.4 ft. The stimulus patterns sub- 
tended 11°. There were two patterns. One 
was a square matrix, 17 holes on a side. Each 
hole was 4 in. in diameter; the distance between 
centers of adjacent holes was I} in. ‘The central 
hole was the fixation point; it was smaller, 
brighter, and whiter than the others. The 
other pattern was also square in shape, but its 
holes were randomly arranged. The four 
corners and the central fixation point were 
identical in both patterns. The number of 
holes on the lines connecting the corners was 17 
in both patterns, but the spacing was irregular 
for the random pattern. The interior holes of 
the random pattern were randomly arranged, 
with overlapping holes forbidden. The total 
number of holes was 289 for both patterns. 

Subjects.—The Ss were 20 basic airmen at 
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Lackland Air Force Base. All 
quainted with autokinetic 
laboratory conditions. 

Procedure.—Each S entered the experimental 
room in the dark. During 10 min. of dark 
adaptation, £ told S that he would be shown 
patterns of dots which would start to move after 
a few seconds. When movement began, S 
pressed a button. This started a timer which 
recorded latency and another which turned 
the stimulus off after 30 sec. Whenever the 
stimulus was on, a motor which served as a 
sound effect was also on. Each mask was used 
10 times. The order of presentation was 
counterbalanced. 


were 
movement 


unac- 
under 


RESULTS 


The results of this experiment dis- 
prove the hypothesis about informa- 
tion and autokinetic movement on 
which the experimental design was 
based. All Ss saw autokinetic move- 
ment on all trials. Latencies de- 
creased and amounts of movement 
seen increased for each S as the experi- 
ment progressed. The pattern of 


results was essentially the same as 
that found in a previous experiment 


(Edwards, 1954a), and so needs no 
discussion here. But there were no 
significant or even suggestive differ- 
ences between the random and the 
regular masks in amounts or latencies 
of movement seen. 

If this experiment is a fair test, then 
the amount of information in a stimulus 
does not control the amount or latency 
of autokinetic movement which that 
stimulus induces. This still leaves un- 


answered the question: Why do not 
ordinary visual stimuli produce auto- 
kinetic movement? An attractive next 
hypothesis to try is the following: 
Autokinetic movement of complex pat- 
terns is mostly movement of the whole 
pattern, rather than movement of parts 
with respect to other parts. This means 
that if contours are located near the 
edge of the visual field, sustained move- 
ment in a single direction would require 
that these contours vanish from the 
visual field—which they cannot do so 
long as S does not move his eyes or head. 
Ordinary visual experience is full of 
contours near the edge of the visual field; 
perhaps they are what keep ordinary 
stimuli stable. 


SUMMARY 


This experiment examines the hypothesis 
that autokinetic movement occurs if the visual 
world is highly redundant and does not occur 
if the visual world is full of information. Spe- 
cifically, it measures the amount of autokinetic 
movement produced by two stimuli: an orderly 
and an equivalent disorderly array of dots. 
The two arrays produced equal amounts and 
latencies of movement. If this experiment is a 
fair test, then the hypothesis is wrong. 
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FINGER SPAN: RATIO SCALE, CATEGORY SCALE, 
. AND JND SCALE! 


5. S. STEVENS ano GERALDINE STONE 


Harvard University 


This is an account of the experi- 
ments on finger span referred to in 
an earlier paper (S. S. Stevens, 1957). 
The purpose was to determine, by the 
method of magnitude estimation, how 
the subjective impression of thickness 
varies with the width of objects 
grasped between the thumb and the 
middle finger, and to compare this 
function with both the category scale 
and the Fechnerian scale constructed 
from just noticeable differences 
(JND’s). The problem is whether 
finger span behaves as a_ prothetic 
continuum, whether the ratio scale 
of subjective thickness grows as a 
power function of stimulus width, 
and whether the category and JND 
scales exhibit the same relations to 
the ratio scale that characterize other 
prothetic continua. 


MAGNITUDE ESTIMATION 


The scaling of finger span was 
begun in 1956 but was interrupted 
by a fire that consumed the tower 
of Memorial Hall and resulted in 
piles of soaked stimuli and data 
sheets. The experiments were finally 
finished in 1958. A _ total of five 
experiments were conducted under 
various modifications of the method 
of magnitude estimation, but since 
they all gave similar results only two 
experiments will be described here. 


' Supported by a grant from the National 
Science Foundation and by a contract with 
the Office of Naval Research (Project NR142- 
201, Report PNR-214). Reproduction for 
any purpose of the US Government is per- 
mitted. 


Method.—Sets of wooden blocks, about 
6 in. long, were cut from j-in. pine. One set 
of 13 blocks varied in width from 2.3 to 
63.7 mm. in roughly equal steps. Another 
set of 12 blocks varied from 5 to 65 mm. in 
steps of 5mm. The first set was used in the 
two experiments to be described. 

The O (eyes closed) rested his wrist on a 
padded arm rest and held his thumb and 
middle finger about 80 mm. apart. The E 
brought one of the blocks into contact with 
O's thumb, whereupon O brought his middle 
finger into contact with the other side of the 
block and then made his judgment. Typ- 
ically, a standard block was presented first 
and O was told to call it 10, or some other 
value. He was then asked to assign numbers 
to the other blocks proportional to the 
apparent thickness. In some experiments 
the standard was presented only once at the 
beginning of the run. In other experiments 
the standard was presented before each 
variable. 

In each experiment 10 Os made two judg- 
ments of each stimulus. The order of presen- 
tation was irregular and different for each 
O. The Os were staff, students, and visitors 
of various sorts, a total of 33 different people. 


Results.—The geometric means of 
the magnitude estimates are plotted 
in Fig. 1. For the upper curve 
(triangles) a standard of 32.4 mm. 
was presented only once at the 
beginning of the experiment and O 
(N = 10) was told to call it 100. For 
the lower curve (circles) the standard 
was 13.7 mm. (called 10) and was 
presented (N = 10) before each vari- 
able. Except for two people, different 
Os were used in the two experiments. 

The fact that the data fall close to 
a straight line in a log-log plot shows 
that apparent thickness is a power 
function of stimulus width. The 
slope of the line, which gives the 
exponent of the power ‘function, is 
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Fic. 1. Magnitude estimations of finger 
span plotted in log-log coordinates. Tri- 
angles: a standard of 32.4 mm. was presented 
at the beginning of the experiment and called 
100. Circles: a standard of 13.7 mm. 
(called 10) was presented before each stimu- 
lus to be judged. Points are geometric 
means of 20 estimates, two by each of 10 Os. 


1.33. In other words, apparent thick- 
ness is a positively accelerated func- 
tion of stimulus magnitude. 

The lower curve in Fig. 1 may be 
used to define a scale of subjective 
finger span. The unit can be taken 
as the apparent thickness of a stimu- 
lus 2.5 mm. thick. This unit will be 
called a pak, which is derived (with 
some license) from the Greek word 
for thickness. In terms of this unit, 
the scale defined by the lower curve 
in Fig. 1 is described by 


P = .296S!% 


where P is subjective thickness in 


paks and S is stimulus width in 


millimeters. 


This equation seems to hold very well 
for stimuli thicker than about 5 mm. 
On the other hand, as is shown by the 


bottom points on both curves in Fig. 1, 
there is some suggestion that for very 
thin stimuli the formula may break down. 

Although only the geometric means 
of the judgments are plotted in Fig. 
1, it should be noted that there was no 
systematic difference between these geo- 
metric means and the medians of the 
judgments. It is also interesting that 
the extreme range of the estimates made 
for a given stimulus was seldom greater 
than 4 to 1. This is a smaller range of 
variability than is usually found with 
such continua as loudness (S. S. Stevens, 
1956) and electric shock (Stevens, Car- 
ton, & Shickman, 1958). 


CATEGORY SCALE 


Extensive evidence from other per- 
ceptual continua (Stevens & Galanter, 
1957) suggests that if finger span is a 
prothetic continuum, the category 
scale should be nonlinearly related to 
the scale obtained by magnitude esti- 
mation. This expectation was borne 
out in two separate experiments, one 
of which will be described. 

Method.—Except for one crucial difference 
the procedure was identical to that used,for 
magnitude estimation. The stimuli were 
the same as those for the experiments in Fig. 
1. Instead of assigning a number to only 
one stimulus and leaving O free to use any 
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Fic. 2. Category scale and JND scale 
for finger span plotted against the subjective 
scale determined by the lower line in Fig. 1. 
Circles are means of 20 judgments, two by 
each of 10 Os. The JND scale was deter- 
mined from the function in Fig. 3. 





FINGER SPAN 


numbers he chose, E presented a stimulus 
of 2.3 mm., which O was to call 1, and a 
stimulus of 63.7 mm., which O was to call 7. 
The O was then instructed to partition the 
continuum into categories on a scale from 
1to7. Each stimulus was presented twice to 
each of 10 Os in an irregular order, a different 
order for each O. 


Results.—The mean category as- 
signments are shown by the circles in 
Fig. 2, where the abscissa is the scale 
of subjective finger span in paks. 
This scale is taken directly from the 
lower curve in Fig. 1. Plotted against 
the scale of subjective magnitude, the 
category scale is concave downward. 

The reason for the curvature of this 
category scale is presumably the 
same as the reason for the curvature 
of other such scales (see Stevens & 
Galanter, 1957). On prothetic con- 
tinua there is a basic asymmetry 
in a person's sensitivity to differences 
as he goes from the low to the high 
end of the continuum. A given dif- 
ference is more impressive at the low 
end than at the high end, with the 
result that O makes his categories 
a little smaller at the low end and a 
little larger at the high end. On a 
continuum such as finger span, which 
is relatively easy to judge, the curva- 
ture is not very great, but it is 
definitely present. It is comparable 
to the curvature found in category 
judgments of visual length (Stevens 
& Galanter, 1957). 


Just NoTicEABLE DIFFERENCES 


Although the size of the JND for 
finger span has been reported for 
single, isolated standards (Kelvin, 
1954; Langfeld, 1917), there appear to 
be no published results on the size 
of the JND as a function of stimulus 
magnitude. Fortunately, an exten- 
sive study was carried out in 1934 
by G. J. Huberman (under the direc- 
tion of J. Volkmann) and the results 
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Fic. 3. Differential sensitivity for 


finger span. 
are contained in an 


Honors Thesis 


still on file at Harvard University. 


The method of single stimuli, involving 
two stimuli and two categories, was used. 
The O judged each stimulus as either “long” 
or “short,” and the stimuli were chosen 
in such a way that the larger stimulus was 
judged “long” three or four times as often 
as the smaller stimulus. In this way a 
stable estimate was obtained of the SD of 
the psychometric function. This value is 
taken as the JND, or AS. 

The stimuli consisted of carefully machined 
blocks of fiber mounted on the rims of wheels 
in such a way that they could be quickly 
and easily presented for judgment. Three 
well-trained Os completed the entire series, 
making a judgment every 8 sec. The average 
values of AS for these Os are shown in Fig. 3. 

The upper plot shows that AS is approxi- 
mately a linear function of the size of the 
stimulus. The equation for the line through 
the data is 


AS = .02865 + .8 


As suggested elsewhere (S. S. Stevens, 1957) 
a linear equation of this general form applies 
to a wide variety of prothetic continua. It 
appears to be the general rule to which there 
are few if any exceptions. It is, of course, 
the familiar Weber's law modified by the 
addition of a constant. 

The lower plot in Fig. 3 shows the same 
data plotted in terms of the Weber fraction 
AS/S. The familiar decreasing function is 
evident in this plot. The curve in the lower 
plot corresponds to the straight line in the 
upper plot. 
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The function in Fig. 3 can be used to 
determine a J ND scale for finger span. Such 
a scale can be constructed simply by counting 
off successive JND's and recording their 
number as a function of stimulus magnitude. 
Or since the upper plot in Fig. 3 is linear, the 
JND scale can be obtained by the process of 
integration (see Luce & Edwards, 1958). 

The scale obtained by counting off JND's 
is shown by the dashed curve in Fig. 2. As 
seems to be universally true on prothetic 
continua, when the JND scale is plotted 
against the ratio scale obtained by magnitude 
estimation, it is concave downward and is 
more curved than the category scale. It 
should be noted, however, that the curvature 
of category scales can be modified by stimu- 
lus spacing, and can, under some circum- 
stances, be made to approximate the curva- 
ture of the JND scale (Stevens & Galanter, 
1957). 


DISCUSSION 


At the outset of these experiments 
it was not self-evident that finger span 
would satisfy the criteria (S. S. Stevens, 
1957) of a prothetic continuum. Since 
O may in effect judge the position of his 
fingers, there was a reasonable possibility 
that this continuum would turn out to 
resemble the metathetic continua, such 
as pitch, visual position (azimuth), and 
visual inclination. On these metathetic 
continua O's sensitivity to differences, 
measured in subjective units, remains 
approximately constant from one end 
of the continuum to the other. The 
curvature of the dashed line in Fig. 2 
shows, however, that finger span _be- 
haves as a prothetic continuum on which 
the subjective size of the JND increases 
as one goes up the scale. Thus it ap- 
pears that the judgment of finger span is 
more a judgment of length than a judg- 
ment of position. 

As with the other prothetic continua, 
the three procedures (ratio scaling, 
category scaling, and JND scaling) 
result in three different functions. Ob- 
viously three different aspects of finger 
span are being measured by these three 
functions. Although a certain amount 
of argument has revolved around the 
question of which of these functions is 
the “true’’ scale, it should be apparent 


that all three are true scales of some- 
thing or other. All three may have 
their uses in particular circumstances 
and the choice among them ought 
properly to depend on the problem at 
hand. The JND scale answers questions 
about resolving power; the ratio scale 
obtained by magnitude estimation tells 
how apparent thickness depends on 
stimulus thickness; and the category 
scale tells how O partitions a segment 
of the continuum. The category scale 
is probably less useful, in general, than 
either of the other two scales, mainly 
because its form is critically dependent 
on the spacing of the stimuli used to 
obtain the scale. The form of the 
ratio scale is relatively independent 
of stimulus spacing (J. C. Stevens, 1958; 
S. S. Stevens, 1956). It is this ratio 
scale that seems most directly to answer 
the original problem of psychophysics 
as formulated by Fechner—namely, 
How does the magnitude of the subjec- 
tive response vary with stimulus input? 


SUMMARY 


A scale for the apparent thickness of 
stimuli held between the thumb and middle 
finger was constructed by the method of 
magnitude estimation. Apparent thickness 
grows as the 1.33 power of stimulus magni- 
tude. Judgments of thickness on a 7-point 
category scale yielded a function that is 
concave downward when plotted against the 
ratio scale obtained by magnitude estimation. 

The difference limen AS grows as a linear 
function of stimulus thickness S. The scale 
obtained by counting off JND’s was plotted 
against the ratio scale obtained by magnitude 
estimation. The result is a curve, concave 
downward, that is more curved than the 
category scale. 

The relations among the three scales 
(ratio, category, and JND) suggest that 
finger span is a prothetic continuum and that 
the JND increases in subjective size as the 
stimulus is increased. 
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PAIRED-ASSOCIATES LEARNING AS A FUNCTION OF 
PERCENTAGE OF OCCURRENCE OF RESPONSE 
MEMBERS (REINFORCEMENT) ! 

ALBERT E. GOSS, CHURCHILL H. MORGAN, anp SANFORD J. GOLIN 
University of Massachusetts 


Learning the correct anticipation 
for each pair of a list of paired associ- 
ates can be considered analogous to 
classical conditioning. The stimulus 
member of a pair corresponds to the 
CS, the response member and re- 
sultant response parallel the UCS- 
UCR relationship, and arousal by the 
stimulus member of a response it did 
not elicit initially is comparable to 
the formation of a CS-CR association. 
Because of this correspondence, the 
two experiments with paired associ- 
ates reported here—in which the 
percentage of occurrence of response 
members (reinforcement) was varied 

~may be regarded within the frame- 
work of studies dealing with the 
acquisition and extinction of classi- 
cally-conditioned responses as a func- 
tion of partial reinforcement schedules 
(Grant & Schipper, 1952). 

Also obtained were data on the 
effects of post-criterion changes of 
acquisition percentages of reinforce- 
ment to half values or to 0% occur- 
rence. Finally, presentation of mem- 
bers of the pairs at a 2-sec. rate in 
one experiment and at a 3-sec. rate 
in the other permitted assessment 
of the generality of the effects of 
acquisition and changed schedules 
of reinforcement. Thus, paired-asso- 
ciates learning and performance were 


' One of the experiments has been reported 
in greater detail by Morgan (1954). A grant 
from the Research Council of the University 
of Massachusetts facilitated completion of 
the other experiment. Harvey Lifton and 
Herbert Levitt aided in the statistical analyses 
and presentation of the data. 
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related to acquisition percentage of 
reinforcement, degree of post-criterion 
changes of those percentages, and 
rate of presentation. 

Because of the greater number of 
stimulus-response associations among 
the stimuli in lists of paired associates, 
percentage of reinforcement is likely 
to have different effects on paired- 
associates learning than on classical 
conditioning. At present, therefore, 
the proposed extension from classical 
conditioning to paired-associates learn- 
ing should be regarded as mainly 
procedural in the form of the schedul- 
ing of response member homologues 
of the UCS or UCS-UCR. Although 
thus limited with respect to interpre- 
tation by means of straightforward 
extrapolation of principles derived 
from classical conditioning, the data 
obtained in the present experiments 
are of immediate interest in that they 
describe acquisition of paired asso- 
ciates as a function of percentage of 
reinforcement. 


METHOD 


Subjects.—The 80 introductory psychology 
students of one experiment and the 96 of the 
other were divided into eight groups of 10 and 
12 each, respectively. The number of men 
and women in these groups deviated from 
a 50-50 split by no more than one. Six 
additional Ss in the first experiment and 13 
in the second either had to leave for class 
before reaching acquisition criteria or were 
eliminated because of failure to understand 
instructions, reported inability to concentrate, 
or Es’ errors. 

Paired associates and apparatus.—The 
eight paired associates of both experiments 
were drawn from Underwood's (1952) list 
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of nonsense syllables of intermediate associa- 
tion values and low similarity. They were: 
fec-jer, hax-myd, jal-tof, kem-wus, niw-xel, 
ryg-kon, toq-bih, vod-caz. Anticipations of 
response members were spelled out by Ss. 

Four different random orders of stimulus 
members of the pairs were used in acquisition 
and changed percentage phases of both 
experiments, regardless of the schedules of 
occurrence of their response members. All 
lists were typed on tapes in pica capitals and 
presented on a memory drum which had 
cam adjustments for 2-sec. or 3-sec. rates. 

Scheduling of response members.—Schedul- 
ing of response members to achieve 100%, 
75%, 50%, and 25% reinforcements involved 
two restrictions on entirely random schedul- 
ing. First, long runs of occurrence or non- 
occurrence of response members were avoided 
by pairing them with stimulus members so 
that each of the acquisition percentages was 
realized within each of successive 16-trial 
blocks. For post-acquisition changes to 
37.5% and 12.5% schedules, the blocks were 
reduced to eight trials. Because four dif- 
ferent random orders of stimulus members 
were used, regardless of schedules of occur- 
rence of response members, more specific 
limitations on randomness were introduced 
within this general restriction. These will 
be noted in connection with subsequent, more 
detailed description of each percentage 
schedule. 

Second, the percentage of occurrence of 
response members on each trial was the same 
as the percentage schedule for each pair; 
that is, if response members of each pair 
were on a 75% schedule, six of the eight 
stimulus members were accompanied by 
their response members on each trial. 

Acquisition.—Paired associates were ac- 
quired under 100% occurrence of response 
members and semi-random schedules of 
75%, 50%, and 25% occurrence. For each 
of these percentages there were two sub- 
groups of 10 Ss each at the 2-sec. rate. At 
the 3-sec. rate, there were two subgroups of 
12 Ss each for each acquisition percentage. 

The 100% schedule was the conventional 
paired-associates procedure in which stimulus 
members of each pair were shown alone for 
2 or 3 sec. and were always followed by 
stimulus-response pairs for 2 or 3 sec., 
respectively. Within the restriction that 
each one of the four different random orders of 
stimulus members should appear four times 
within successive blocks of 16 trials each, 
the sequence of occurrence of these orders 
was random. 

The 75% schedules for each of the four 





orders of presentationJof stimulus members 
was composed of four different 75% sub- 
schedules of response-member . occurrence. 
The first subschedule of the first of the orders 
of presentation was formed by random 
elimination of two of the eight response 
members. These members were then re- 
stored and two of the other six members were 
eliminated randomly to obtain a_ second 
subschedule. These two members were re- 
stored to the third subschedule from which 
two of the four previously unchosen response 
members were eliminated. Elimination of 
the residual pair of response members pro- 
duced the fourth subschedule. Thus, in each 
of these four subschedules for each of the 
four orders of stimulus presentation, two 
different response members were e liminated 
and six of the eight remained; six of the eight 
response members always occurred on each 
trial. With four subschedules offeach of the 
four stimulus orders there were 16 order-sub- 
schedule combinations. Each of these com- 
binations occurred once within successive 
different random sequences of 16 trials each. 
Consequently each response member appeared 
on 12 of the 16 trials within each block. 

For the 50% schedule, four subschedules 
of response-member occurrence were pre- 
pared for each of the four stimulus orders 
by random elimination of sets of four response 
members, within the restriction that each 
response member occurred in two sub- 
schedules for each stimulus order and did not 
occur in the other two. Each of the 16 
combinations of stimulus orders and their 
response subschedules was used once within 
successive different random sequences of 16 
trials each. Thus, each of the eight stimuli 
was accompanied by its response member on 
eight, or 50%, of the trials of each 16-trial 
block. And four of eight, or 50%, of the 
response members occurred on each trial. 

The 25% schedule was obtained by simply 
reversing the occurrence and nonoccurrence 
of response members under the 75% schedule. 
Two of the eight response members occurred 
on each trial, and each response member 
appeared on four, or 25% of the trials within 
successive 16-trial blocks. 

The 75%, 50%, and 25% schedules were 
introduced on the first trials. Accordingly, 
Ss did not have an opportunity to react to all 
response members until the end of Trial 2 in 
the case of the 75% and 50% schedules, and 
until the end of Trial 4 in the case of the 
25% schedule. Adjustment for this lack of 
exposure to all responses on Trial 1 was 
considered but was rejected as incompatible 
with the purpose of the study. 
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TABLE 1 


MEANS AND SD's or TRIALS AND CoRRECT RESPONSES TO THE { CRITERION 
(N's for each reinforcement percentage at the 2-sec. and 3-sec. 


rates were 





20 and 24, respectively) 





Trials Correct Responses 
A uisition — ————— ee Se - 
eatin 2 sec. Rate 3-sec. Rate 2-sec. Rate 3-sec. Rate 
Percentages i ioiiddianiaapaainans dentin 
Mean SD Mean | SD Mean SD Mean SD 
100 =| 24.8 8.9 16.4 6.8 594 | 265 | 43.7 19.6 
75 | 34.3 16.8 18.4 5.5 70.2 | 38.5 44.6 16.8 
50 40.6 | 23.5 20.0 7.0 94.0 594 | 45.6 21.1 
2s | 405 | 121 25.3 82 | 1020 | 388 | 663 24.5 





At the 3-sec. rate, paired associates were 
learned to a criterion of 15/16 correct antici- 
pations on two successive trials. In order 
to minimize the number of Ss failing to 
finish the experiment within the practical 
limit of 1 hr., the criterion for the 2-sec. rate 
was lowered to | correct anticipations on a 
single trial. The intertrial intervals were 
approximately 12 sec. ; 

The same standard instructions were 
administered to all groups of both experiments. 

Changed percentages.—Upon attainment of 
the 4% or | acquisition criteria, and without 
further instructions, each of the two sub- 
groups for each acquisition schedule was 
shifted to 16 trials under a changed rein- 
forcement schedule. The occurrence of re- 
sponse members was completely eliminated 
for one subgroup and halved for the other 
subgroup under each acquisition schedule. 
The arbitrary decision of an earlier study 
(Goss & Rabaioli, 1952) was the basis for 
halving the acquisition percentages. Elimi- 
nation of response members was considered 
a procedural parallel of the usual condition 
of extinction of classically conditioned 
responses. 

At each rate the subgroup shifted from 
100% to 50% reinforcement was given the 
first sequence of 16 order-subschedule com- 
binations of the 50% acquisition schedule. 
Similarly, the first sequence of 16 order- 
subschedule combinations of the 25% acquisi- 
tion schedule were used for the 16 trials 
administered to the subgroup at each rate 
changed from 50% to 25% reinforcement. 

Construction of the 37.5% and 12.5% 
schedules followed the principles used for 
the other schedules. There were four orders 
of occurrence of stimulus members for each 
of which four subschedules were formed by 
random elimination of response members. 


The 37.5% schedule was prepared so that 
sets of three response members each occurred 
on each trial, with the restriction that the 
response member of each pair appeared three 
times in the first eight trials and three times 
in the second eight trials. 

For the 12.5% schedule, the single response 
member which was to occur on each of the 
first eight trials was randomly selected from 
among those not previously selected. The 
same selection procedure was used for the 
last eight trials. Thus each response member 
appeared once in each half of the 16 trials. 


RESULTS 


Acquisttion.—Acquisition data for 
the 3-sec. rate were also scored to a 
i criterion and treated along with 
data for the 2-sec. rate. Means of 
trials and correct responses to the j 
criterion with 100%, 75%, 50%, and 
25% reinforcement schedules at both 
rates are shown in Table 1 and Fig. 1. 
Figure 1 also shows the means of 
reinforced correct responses to the j 
criterion. These are responses which 
were followed by occurrence of re- 
sponse members. With the 100% 
schedule, all responses, whether cor- 
rect or incorrect, were followed by 
response members. Thus, means for 
correct and for reinforced correct 
responses were identical. With the 
75% schedule, means of reinforced 
correct responses can be estimated 
by multiplying means of correct 
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responses by .75. With the 50% 
and 25% schedules, means of rein- 
- forced correct responses can be esti- 
mated by multiplying means for 
correct responses by .50 and .25, 
respectively. Since means of rein- 
forced correct responses can be thus 
calculated, they were not presented 
in Table 1. 

Within each of the eight combina- 
tions of acquisition percentages and 
rates of presentation there were two 
subgroups. For one subgroup the 
acquisition percentage was later 
halved, while for the other subgroup 
reinforcement was eliminated. Since 
assignment of Ss to these subgroups 
was random, no significant differences 
between the subgroups of each of the 
percentage-rate combinations was ex- 
pected for either trials or correct 
responses to criterion. These sub- 
groups entered the analyses of vari- 
ance of Table 2 as degree of change. 
None of the F's involving this vari- 
able was significant. For this reason 
subgroup means for trials and for 
correct responses were pooled for 
computations of the means of Table 1. 

The other two variables of Table 2 
are acquisition percentage of rein- 
forcement and rate of presentation. 
The significant F's for acquisition 
percentage indicate that, as the per- 
centages of reinforcement increased 
from 25 to 100, both trials and correct 
responses to criterion decreased. 
Presentation of the stimuli of the 
paired associates at the 3-sec. rate 
resulted in significantly lower means 
of trials and correct responses at each 
reinforcement percentage. None of 
the interactions was significant.” 

2 Separate analyses of variance for each 
of the response measures at both 2-sec. and 
3-sec. rates yielded F's consistent with those 
of Table 3. The } criterion for the 3-sec. 


rate resulted in larger over-all values for 
means for each of the three measures and 
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Changed percentages.—TVable 3 pre- 
sents means and SD's of correct 
responses to the | criterion trial at 
the 2-sec. rate and mean correct 
anticipations per trial for the two 
1% criterion trials at the 3-sec. rate. 
Also shown are means and SD's of 
correct anticipations per trial within 
each of the four successive 4-trial 
trends which departed significantly from 
linearity in the direction of negative accelera- 
tion. 
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TABLE 2 
ANALYSES OF VARIANCE OF TRIALS AND CORRECT RESPONSES TO THE | CRITERION 





Correct Responses 
Source df |—-—_—— - 7 ———— -- 
MS F | MS F 
Acquisition % (AP) 3 1,185.86 | 8.68" 8,631.86 7.93* 
Degree of change (DC) 1 3.2 ~ 21.12 
Rate (R) 1 9,829.10 71.99* 42,846.91 39.35* 
AP X DC 3 145.65 1.07 1,983.70 1.82 
AP XR 3 278.99 2.04 2,132.60 1.96 
DC XR 1 5.21 - 157.25 
AP X DC XR 3 186.81 1.37 1,705.93 1.57 
Error 160 136.54 1,088.91 
*P< oO. 1 eee Vn ae 


blocks under changed schedules of 
occurrence of response members. 

The significance of changes in 
correct responses per trial from the 
criterion trials to Trials 1-4 was 
tested by analysis of variance with 
acquisition reinforcement percentage 
and degree of change as the other 
two variables (Table 4). For the 
2-sec. rate of presentation, the signif- 
icant sources of variation were degree 


of change, criterion trials compared 
with Trials 1—4, and their interaction. 
Analysis of the simple effects revealed 
significant decrements from the cri- 
terion trial when the acquisition 
percentages were halved, but not 
when response members were elimi- 
nated entirely. At the 3-sec. rate, 
only the F for acquisition percentages 
was significant. 

With the exception of the 100-0 


TABLE 3 


MEANS AND SD’s or Correct RESPONSES PER TRIAL FOR CRITERION TRIALS 
AND FoR BLocks OF Four TriaLs Each UNDER CHANGED PERCENTAGES 
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TABLE 4 
ANALYSES OF VARIANCE OF CORRECT RESPONSES FOR CRITERION TRIALS AND 
\ TriALs 1-4 UNDER CHANGED REINFORCEMENT SCHEDULES 
2-sec. Rate 3-sec. Rate 
Source —— + — —-——- 
df Ms | ! df MS F 
Acquisition percentage (AP) 3 | 0.66 | 2.200 | 3} 042 | 3.00° 
Degree of change (DC) | 4 | 3.02 10.07* | 1 0.13 | : 
AP X DC gz. 0.33 | 1.10 | 3) 0.36 | 2.57 
Error (b) | 72 | 0.30 | 88 | 0.14 
Change from criterion (CC) | 2 | 765 | 17.99%) 11 000 ~ 
AP xX CC 3| 066 | 153 | 3| 0.25 1.39 
be x CC | 1] 3.03 | 7.05%) 1| 042 | 2.33 
AP x DC xX CC | 3 | O44 | = 1.02 3 | 032 | 1.78 
Error (w) | 72 0.43 | 88 | 0.18 | 
= P = 0S. ae 
*P< Ol. 
group at the 3-sec. rate, correct the 25%-12.5% and 25%-0% groups, 


responses under both rates of presen- neither of which exhibited initial 


tation increased from Blocks 1-4 to 
13-16. The F's for these increases 
obtained in analyses of variance 
of the totals of correct responses in 
each block were highly significant 
(Table 5). Blocks of trials at the 
2-sec. rate entered into significant 
interactions with acquisition percent- 
ages and degree of change. These 
interactions were due to greater 
increases for halved than for elimi- 
nated changes from 100%, 75%, and 
50% acquisition percentages in con- 
trast with little difference between 


decrements nor marked subsequent 
increases. 

The significant interaction of blocks 
of trials and degree of change at the 
3-sec. rate was due to the upward 
trend for halved percentage conditions 
which differed from one of zero slope 
for elimination of response members. 
The occurrence of a decrease in 
correct responses for the 100%-0% 
and of an increase in correct responses 
for the 100%-50% group, probably 
contributed most to the triple inter- 
action. 


TABLE 5 


ANALYSES OF VARIANCE OF CORRECT RESPONSES UNDER CHANGED PERCENTAGES 





Source = 
= 
Acquisition % (AP) i g 
Degree of change (DC) ci 
AP X DC | 3 
Error (6) 72 
Blocks of trials (BT) | 3 
AP X BT 9 
DC X BT . § 
AP X DC X BT | 9 
Error (w) | 216 | 














2-sec. Rate 3-sec. Rate 
ms | F o| ms | FP 
27.77 3| 28.54 2.60 
24.20 | 1} 4.38 _ 
18.10 3, 4.25 
33.56 88 | 10.99 
112.41 | 130.71* 3) 23.14 | 13.22 
4.22 4.91* 9| 1.89 1.08 
33.23 38.64" 3| 7.85 | 4.48° 
2.20; 2.56* 9| 6.61 3.78* 
0.86 264 1.75 | 





*P < 01. 
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DISCUSSION 


Acquisition.— Means of trials and cor- 
rect responses to criterion at both 2-sec. 
and 3-sec. rates of presentation de- 
creased as functions of acquisition per- 
centage of response-member occurrence. 
The relationships for means of reinforced 
correct responses were inverse. 

Goss and Rabaioli (1952) found that 
a 50% schedule of reinforcement of 
verbal choices nearly doubled trials and 
correct choices to criterion. In contrast, 
the 25% schedule for paired associates 
only increased those measures by from 
50% to 70%. That quartering the 
100% schedule would produce only this 
relatively small reduction in rate of 
learning had not been anticipated. How- 
ever, it now seems possible that decreas- 
ing the perccntages of reinforcement may 
have introduced differences in a number 
of other variables or conditions which 
could have served to increase rate of 
acquisition of the paired associates. 
These include: (a) amount of response 
competition per trial, (b) amount of 
opportunity to rehearse per trial, (c) 


time intervals between particular stimu- 
lus-response pairs, and (d) familiariza- 
tion with stimulus members. 

The }% or 4} acquisition criteria for 


2-sec. and 3-sec. rates, respectively, 
were reached under all four percentages 
of reinforcement. These findings are 
comparable to those for runway and 
simple choice tasks (Jenkins & Stanley, 
1950) in which response strengths also 
go to approximately equal final levels. 
But the common final level for the 
correct anticipations of the paired asso- 
ciates contrasts with the apparent equiv- 
alence between asymptotic proportions 
of response occurrence and percentages 
of reinforcement which have been ob- 
tained with the classically conditioned 
eyelid response (Grant & Schipper, 
1952) and ‘“‘verbal expectations’’ (Estes 
& Straughan, 1954; Grant, Hake, & 
Hornseth, 1951). 

Turning to another aspect of acquisi- 
tion performance, the more rapid learn- 
ing under the 3-sec. than under the 
2-sec. rate of presentation might be 


attributed to different E’s. In view of 
Hovland’s (1949) findings for 1-sec. 
and 2-sec. rates, however, it seems more 
likely that rate differences rather than 
E differences were the basis of the ob- 
served superiority of the 3-sec. rate. 

Changed percentages—At the 2-sec. 
rate, halving acquisition percentages of 
response-member occurrence or eliminat- 
ing response members reduced the num- 
ber of correct responses during the first 
four trials under the changed percentages 
to less than the criterion level. These 
decrements were somewhat greater for 
halved changes. The failure to obtain 
such decrements following attainment 
of the }§ criterion under the 3-sec. rate 
may have been due to the more stringent 
criterion, the slower rate of presentation, 
or to both factors. 

Neither acquisition percentages and 
degree of change, nor their interaction 
for either rate of presentation, influenced 
correct responses under the changed 
percentages. There were significant up- 
ward trends over the four blocks of 
changed percentage trials which, at the 
2-sec. rate, were somewhat steeper 
for larger acquisition percentages of 
response-member occurrence and for 
changes to a halved schedule. The 
latter effect was probably due to the 
greater initial decrements. The steeper 
trend for halved changes at the 3-sec. 
rate may have been due to more rapid 
further learning under those percentages 
of response-member occurrence than 
with elimination of response members. 

Since seven of the eight means for the 
13-16 block at both 2-sec. and 3-sec. 
rates were greater than corresponding 
criterion trial means, Ss apparently 
continued to learn under halved or 
eliminated conditions of response-mem- 
ber occurrence. The conditions mediat- 
ing such further learning by Ss for whom 
response members were eliminated are 
speculative. 

These apparent upward trends for 
elimination of response member condi- 
tions are not consistent with the results 
of Peak and Deese (1937) who found 
that 50 trials involving the presentation 





PAIRED-ASSOCIATES LEARNING 


of stimulus members alone resulted in 
incorrect recall or failure of occurrence 
of about 25% of previously correct 
responses. Perhaps the apparent up- 
ward trends in correct responses under 
the 0% schedule of this study would 
have been reversed at some point beyond 
16 trials. 

Findings different from those described 
here have also been reported by Peterson 
(1956) for a selective learning task. 
She found that elimination of reinforce- 
ment by E saying ‘Right’ brought 
about extinction of responses of low 
and high cultural frequency which had 
been practiced for 4, 8, or 16 trials 
under 100%, 50%, or 25% schedules. 
Rate of extinction was inversely related 
to number of learning trials and directly 
related to percentage of reinforcement. 
Because her task differed from paired- 
associates learning in many ways, no 
satisfactory explanation of the differences 
in results can be advanced. 

In other studies, post-acquisition shifts 
to lower or 0% schedules of reinforce- 
ment of classically conditioned and other 


simple responses have been accompanied 


by shifts downward to asymptotes 
approximating the new percentages of 
reinforcement (Estes & Straughan, 1954; 
Grant, Hake, & Hornseth, 1951; Grant 
& Schipper, 1952). No such immediate, 
monotonic changes occurred for either 
multiple choices (Goss & Rabaioli, 1952) 
or. paired associates. The decrement 
which Peak and Deese (1937) obtained 
for a shift from a 100% schedule to 
50 trials of 0% reinforcement was 
markedly smaller than the reductions of 
strengths of simple responses brought 
about by 100% to 0% shifts. It seems 
probable, therefore, that extinction trends 
for more complex tasks differ from those 
for classical conditioning, ‘‘verbal expec- 
tations,”’ and simple choice tasks. 


SUMMARY 


Paired-associates performance was investi- 
gated as a function of percentage of occur- 
rence of response members of the pairs 
during acquisition at 2-sec. and 3-sec. rates 
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of presentation and of post-acquisition halv- 
ing of the percentages of occurrence of re- 
sponse members or their elimination. Eight 
pairs of nonsense syllables were presented 
with percentages of occurrence of response 
members of 100, 75, 50, and 25 during 
acquisition, and 50 or 0, 37.5 or 0, 25 or 0, 
and 12.5 or 0 under changed schedules, 
respectively. 

With increasing acquisition percentages, 
means of trials and correct responses to 
criterion increased and those of reinforced 
correct responses to criterion decreased. 
Learning at the 2-sec. rate was significantly 
slower than at the 3-sec. rate, but acquisition 
percentages of reinforcement did not interact 
with rates of presentation. 

At the 2-sec. rate, eliminating response 
members or halving the percentages with 
which they occurred produced an immediate 
decrement in correct responses which was 
followed by further learning. Probably 
because of the more stringent acquisition 
criterion, at the 3-sec. rate no decrements 
followed such changes. Neither main effects 
of acquisition percentage of reinforcement 
and of degree of change in those percentages 
nor their interaction influenced frequencies 
of correct responses under 
centages of reinforcement. 


changed _ per- 
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PREDICTION OF SEQUENTIAL TWO-CHOICE 
DECISIONS FROM EVENT RUNS! 


DELMER C. NICKS 


San Fernando Valley State College 


Probability-learning tasks have been 
used quite extensively recently as tests 
of stochastic theories of learning 
(Bush & Mosteller, 1955; Estes & 
Straughan, 1954). However, they 
may also be considered as sequential 
decision tasks. They are, in effect, 
decision tasks in which an S must 
learn about the situation by observing 
the results of his own past decisions 
(Edwards, 1956). From this point 
of view individual predictions and 
the factors related to them are of 
interest, in addition to the over-all 
proportions of choices of the alterna- 
tives. There is little information 
available concerning individual choices 
in two-choice decision tasks. The 
two most relevant studies are those 
by Jarvik (1951) and Hake and Hy- 
man (1953). Jarvik found that, dur- 
ing a run of occurrences of one 
alternative, choices of that alterna- 
tive dropped rather sharply. He 
called this the negative recency effect 
and likened it to the well known 
“gamblers fallacy.” Hake and Hy- 
man constructed sequences in which 
the probability of occurrence of an 
alternative when it had occurred 
on the immediately previous trial 
was not the same as when the other 


1This research was done under ARDC 
Project No. 7737, Task No. 27107, in ac- 
cordance with ARDC Technical Requirement 
No. 181-56, in support of the research and 
development program of the Air Force 
Personnel and Training Research Center, 
Lackland Air Force Base, Texas. Permis- 
sion is granted for reproduction, translation, 
publication, use and disposal in whole and 
in part by or for the United States Govern- 
ment. 


event had occurred on the previous 
trial. In other words, the second- 
order conditional probabilities of oc- 
currence of the events were not the 
same as the first-order probabilities. 
Predicting these sequences, Ss ap- 
peared to learn the sequential de- 
pendencies; i.e., the frequencies with 
which they predicted an event varied 
appropriately with the immediately 
preceding event. However, in both 
of these studies the over-all propor- 
tions of predictions still matched the 
proportions of occurrence of the 
alternatives. It is likely, then, that 


individual predictions of Ss are closely 
related to the structure of the particu- 


lar sequence being predicted as well as 
to the over-all proportions of the 
alternatives. 

The investigation of sequence struc- 
ture as an independent variable 
immediately presents two problems. 
First, how much of the sequence must 
be considered in relation to S's 
predictions on a given trial and, 
secondly, what is the best way to 
describe or define sequence structure. 
Though there are a number of ways 
to describe sequence structure, event 
runs seemed a good place to start in 
light of the two aforementioned 
studies. An event run is a series of 
occurrences of the same event, bounded 
on either end by the other event or 
one end of the sequence; i.e., the 
sequence RR GGG R GG RRR GG 
contains runs of length 2, 1, and 3 of 
R events and runs of length 3, 2, 
and 2 of G events. Describing se- 
quences in terms of the number and 
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lengths of runs of the alternatives 
has several experimental and con- 
ceptual advantages. First, a com- 
plete description of the run structure 
and how it is sampled contains a 
description of higher-order conditional 
probabilities as well as of the first- 
order probabilities. Secondly, within 
this framework it is possible to describe 
the over-all sequence structure as well 
as any given segment preceding a 
particular response. And thirdly, it 
seems intuitively reasonable that Ss 
themselves may view a sequence of 
binary events as a sequence of runs 
rather than as a sequence of individual 
events. 

The following experiment was de- 
signed to investigate the relationship 
between event runs and S’s behavior 
in a two-alternative decision task. 


METHOD 


Apparatus.—A small gray box on E’s 
table contained a red and a green jewel light, 
side by side, about 2 in. apart. Two switches 
on the back of the box controlled the two 


TABLE 1 


DISTRIBUTION OF RUN LENGTHS 
FOR ALL SEQUENCES 
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jewel lights. There were six chairs for Ss 
and a small box, open at the front, on the 
arm of each chair. Each box contained two 
response buttons. On top of the box there 
was an “R” over one button and a “G” over 
the other. The Ss recorded their predictions 
by pushing one of these buttons. The boxes 
prevented any S from seeing what any 
other S was doing. There were two channels 
for each S on an Esterline-Angus 20-channel- 
operations recorder and two channels for 
E, giving a continuous record of all predic- 
tions and events. The stimulus lights were 
operated by E accerding to a predetermined 
program. 

Sequences.—Each sequetice was approxi- 
mately 380 trials long. The proportions 
of the alternatives in the first three sequences 
were 50:50, 67:33, and 75:25. Since there 
was only one sequence of each type, “typical”’ 
sequences were constructed in the following 
fashion. For each sequence, the expected 
number of runs of each alternative from one 
on up was computed until the expected 
number of runs of each alternative was less 
than .5. This gave the desired run structure. 
In some cases this distribution was juggled 
slightly to make the total numbers of runs 
and of events come out right. However, 
in no case does the actual number of runs of a 
given length deviate from the expected 
number by more than one. These runs were 
then drawn randomly, without replacement, 
alternating between red and green runs, 
until all runs had been drawn, giving the 
desired sequence. Higher-order conditional 
probabilities, when checked, turned out to 
be much closer to first-order probabilities 
than they did in sequences constructed 
from events rather than runs of events. 

The fourth sequence was the 50:50 non- 
random sequence. There were more very 
short and very long R runs and fewer inter- 
mediate ones than in the 50:50 random se- 
quence. The distribution of G runs was the 
same as in the 50:50 random sequence. 
Table 1 shows the run structures and lengths 
of all sequences. 

Subjects —The Ss were 288 Air Force 
basic trainees and 72 Air Force officers from 
the pre-flight school at Lackland Air Force 
Base. They were tested in groups of six. 

General procedure-—The E informed Ss, 
in general terms, that the purpose of the 
experiment was to study decision making 
in a laboratory situation and that the results 
of the study might affect Air Force classifica- 
tion and selection procedures. The Ss were 
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TRIALS 


Fic. 1. 


then told that either the red or the green 
light would go on briefly and that they were 
to predict which one it would be by pressing 
one of the two buttons in front of them. 
After the light went off they were to predict 
which light would come on next, and so on 
until the end of the sequence. The Ss got 
one point for predicting correctly which light 
was to go on and no points if they predicted 
incorrectly. The objective was to get as 
many points as possible. However, Ss were 
not allowed to talk or to keep track of their 
points at any time during the course of the 
experiment. The E told them that there 
was no pattern and that it would probably 
hurt their score if they tried to find one. 
The Ss could take as much time as they 
needed since the next light did not come on 
until all Ss had made their predictions. The 
Ss were told, finally, that there would be 
quite a few trials and that the experiment 
would probably take a little over an hour. 
All groups of Ss rather quickly adopted a 


Probability learning curves in blocks of 24 trials for all groups. 


fairly steady pace of about 12 predictions per 
minute. On each trial E 
correct light for about 2 sec. 
made their predictions 

A different group of 72 basic trainees was 
run on each of the four sequences. The 72 
officers were run on the 67:33 sequence to 
check population differences 


turned on the 
after all Ss had 


RESULTS 


The proportions of green choices 
in blocks of 24 trials are shown in 
Fig. 1 for all groups.2 The curves 

2 The over-all proportion of green predic- 
tions for the 50:50 group was .55 rather than 
50. A group of 12 Ss was run on the mirror 
image of the sequence (i.e., the alternatives 
were reversed) and the proportion of green 
predictions was .56. Another group of 12 Ss 
was run on the original sequence using green 
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TABLE 2 


MEAN PROPORTION OF GREEN PREDICTIONS FOLLOWING ALL PossiBLe 
PRECEDING PATTERNS OF EVENTS TO LENGTH 4 
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appear to level off somewhat after 
about 96 trials. In order to study 
structural effects as independently 
as possible of probability learning, 
the analyses that follow are concerned 
with the last 288 trials unless other- 
wise specified. 

First, how many immediately pre- 
ceding events are related to prediction 
on agiven trial? There are 2" possible 
preceding sequences of events where 
n is the number of preceding trials 


and white instead of green and red and the 
proportion of green predictions was .505. 
It was concluded that the bias was due to a 
preference for green over red rather than the 
nature of the sequence itself. 


considered. Table 2 shows, for the 
67:33 basic group, the proportion of 
G predictions, summed over Ss and 
trials, following every possible pattern 
of preceding events for nm equal to 
2, 3, and 4. The figure next to 
RGGG, for examp:e, shows the pro- 
portion of green predictions when the 
fourth previous event was an R light 
and the other three intervening events 
were G lights. Hereafter this will be 
referred to as the RGGG proportion, 
and so forth. This table also shows 
the number of times each pattern 
occurred and the standard errors 
of the mean proportions. 
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EVENTS 


Run curves for all’groups showing the proportion of G predictions 
ps propo i 


following m successive previous occurrences of the same alternative. 


The differences in the nm = 4 column 
support the hypothesis that the pre- 
ceding run of like events is related 
to prediction on a given trial. The 
difference between the RGGG and 
GGGG proportions is .11 while the 
next largest difference between pro- 
portions differing only in the fourth 
previous event is .04. Events this far 
back in the sequence would appear to 
be minimally related to prediction ex- 
cept when they occur in a run of 
likeevents. Consequently, run curves 
were constructed for all groups and 
are shown in Fig. 2. These curves 
show the proportion of green predic- 
tions following 1, 2, 3, etc., immedi- 
ately preceding green events and 1, 2, 
3, etc., immediately preceding red 
events. The standard errors of these 
mean proportions are shown in Table 
3. (Points are not plotted where a 
run of that length occurred only once, 


except for the 75:25 group where 
many of the long runs were of a unique 
length. The standard errors of these 
points are not shown.) 

Some interesting comparisons can 
now be made between the proportions 


TABLE 3 


STANDARD ERRORS OF MEAN 
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in Table 2 and the run curves in Fig. 
2. At first glance, it seems strange 
that the differences in the n = 3 
column are larger than those in the 
n= 2 column. However, this be- 
comes understandable when the run 
curve for this group is considered. 
For example, the RG proportion in 
the table also appears in the run 
curve. The GG proportion, on the 
other hand, is a composite of all the 
other points on the curve to the right 
of the RG point. The first of these 
proportions, and the one based on 
much the largest NV, is higher than 
the RG proportion while most of the 
other proportions are lower. The 
GG proportion, then, averages out 
about the same as the RG proportion 
since it is made up of a number of 
dissimilar groups of trials. The same 
process works in reverse for the 
comparison of GGG and RGG. The 
RGG proportion corresponds to the 
highest point on the run curve and 


the GGG proportion contains nearly 


all of the low points. Similarly, the 
RGGG proportion corresponds to 
the RG, point on the run curve and 
the GGGG proportion is a composite 
of all points to the right of this. Run 
curve analysis, then, seems to give a 
more reasonable picture of Ss’ be- 
havior than the type of analysis in 
Table 2. 

Considering Fig. 2, the shape of the 
run curve appears to differ for se- 
quences with different proportions of 
the alternatives. For example, green 
predictions increased substantially 
going from RG to RGG for the 67:33 
group and the 75:25 group whereas 
they did not increase at all for the 
50:50 group. It seemed likely that 
these differences were related to the 
different run structures of the various 
sequences resulting from the different 
proportions of the alternatives. The 
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run curve for the 50:50 nonrandom 
group contains some evidence on this 
point. If the run curve is related to 
the run structure of the sequence, 
then it should be possible to vary the 
nature of the run curve by changing 
the run structure of the sequence 
without necessarily changing the 
proportions of the alternatives. 

In the 50:50 nonrandom sequence 
there were more short and more long 
runs of red and fewer intermediate 
length ones than in the 50:50 random 
sequence. It seemed unlikely that 
Ss’ behavior would be much affected 
by the addition of a few more short 
runs of red to the comparatively 
large number which occurred in the 
random sequence. However, it did 
seem likely that the addition of the 
same number of long runs to the few 
present in the random _ sequence 
might affect Ss’ behavior. Conse- 
quently, it was expected that Ss’ run 
behavior with respect to red runs 
would be more like that of the 67:33 
or 75:25 group, where there were a 
number of long runs, than like that 
of the 50:50 random group. The 
run curves for both 50:50 groups can 
be compared in Fig. 2. The propor- 
tion of green predictions increases 
from GR to GRR as it does for the 
67:33 and 75:25 groups. The curve 
also drops much more slowly from 
the peak and never drops as far as 
the curve for the 50:50 random 
group. However, surprisingly enough, 
the same is also true of the curve 
for prediction following G runs though 
the run structure for G events was 
identical with that in the 50:50 
random group. It is possible that 
this result was due to generalization. 
If Ss’ responses are, in some way, 
related to the run structures for the 
two types of events, it is not unreason- 
able to suppose that some generaliza- , 
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tion might occur with respect to the 


two run structures. In sequences 
with proportions other than 50:50 
the expected run structures would not 
be identical and one might predict 
progressively less generalization as 
the proportions deviate from 50:50. 
However, the present study contains 
no evidence relevant to this prediction. 

In order to investigate the nature 
of the run curve as a function of trials, 
run curves were plotted for each 
quarter of the sequence for the 67:33 
basic group. These are shown in 
Fig. 3. The curve for green runs 
during the first quarter (96 trials) 
is somewhat different from the same 
portion of the curve for the other 
three quarters. However, the shapes 
of the curves appear quite similar 
for the last three quarters, though 
the level of the curves rises as would 
be expected from the probability 
learning curve in Fig. 1. It would 


Run curves by quarters of the sequence for the .67 group of basic trainees 


appear, then, that behavior with 
respect to runs changed somewhat 
during the first quarter for this 
group. When separate run curves 
were plotted in this fashion for the 
50:50 random group, however, there 
did not appear to be any change in 
the shape of the curves. Also, the 
run curve for the first quarter of the 
67:33 basic group was quite similar 
to the run curve for the 50:50 group, 
the higher level of the 67:33 curve 
reflecting the probability learning 
which took place in the first quarter. 
During the initial part of the se- 
quence, then, behavior with respect 
to event runs was similar for the 
67:33 and 50:50 groups, but the run 
curves changed for the 67:33 group 
during the latter part of the sequence 
whereas they did not for the 50:50 
group. 

When Ss predict binary sequences 
they behave as though they had 
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certain expectations about the se- 
quence upon entering the situation. 
For example, most Ss begin by pre- 
dicting each alternative about 50% 
of the time no matter what the actual 
proportions of the alternatives may 
be. If the proportions are other 
than 50:50, Ss predict the more 
frequent alternative oftener as the 
sequence continues. If the sequence 
is a 50:50 one, their behavior does not 
change in this respect. Predictions 
in connection with event runs may 
behave in a _ similar manner. It 
would appear that Ss also bring to the 
situation certain a priori expectations 
concerning the structure of the se- 
quence in terms of runs. Since run 
curves did not change over trials 
for the 50:50 random sequence, one 
might say these expectations were 
confirmed in some manner by the 
run structure of the sequence. This 
is not to say, of course, that Ss’ 
expectations were correct. As a 
matter of fact, it is quite possible that 
the inaccuracies in these expectations 
are what give the run curve its 
characteristic shape. 

The 67:33 officer group was in- 
cluded as a check upon population 
differences in the type of behavior 


studied here. It can be seen in Fig. 1 
that the probability learning curves 
for both 67:33 groups were almost 
identical. The run curves for the 
two groups were also quite similar, 
indicating that in two-choice decision 
tasks of the sort used in this experi- 
ment, behavior is probably not par- 
ticularly related to education or 
intelligence. 

The effect of preceding predictions 
upon prediction on a given trial 
was also studied in the officer group. 
The proportions of G_ predictions 
following 1, 2, 3, etc., immediately 
previous G predictions and following 
1, 2, 3, etc., immediately previous R 
predictions are shown in Fig. 4. The 
two portions of the curve, depending 
on whether the previous prediction 
was R or G, differed considerably 
in level. It is interesting to note, 
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incidentally, that the proportions 
following previous R predictions were 
much farther from the over-all level 
of G prediction than were the propor- 
tions following previous G predictions. 
However, each portion of the curve 
was fairly horizontal, particularly 
during the initial portion. The effect 
of previous predictions, then, appears 
to depend mainly upon the immedi- 
ately previous prediction. 

In Fig. 5 the run curve for the 67 : 33 
officer group is plotted separately 
at each point for those predictions 
preceded by a G prediction and for 
those preceded by an R prediction. 
The over-all run curve is also shown. 
The two curves differ in level as 
would be expected from Fig. 4. The 
shape of the two curves is similar 
at the beginning but the run curve 
for G predictions following an R 
prediction drops rapidly whereas the 
run curve following G predictions 


drops very slightly. One could tenta- 
tively infer that the previous pre- 
diction interacts with the run curve 
only slightly at the beginning of a 
run but progressively more as the 


length of the run increases. This 
could be caused by several factors 
or might be an artifact of these 
particular curves. The interpreta- 
tion of this result is tenuous since 
there is a possible S artifact. It is 
likely that “green responders” may 
be overrepresented in one curve while 
“red responders’’ are overrepresented 
in the other. 


In terms of binary decision making, 
the preceding run of like events appears 
to be definitely related to prediction 
on a given trial. It is possible that 
other preceding patterns of events are 
also related to prediction, but the pro- 
portions in the m = 4 column of Table 
2 suggest that these other effects are 
fairly minor. 
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Concerning decision-making theories, 
one main point emerges from the data 
presented in this study. The relation 
between a particular event occurrence 
and the probability of prediction on the 
next trial depends upon the position 
of the event in the sequence—in par- 
ticular, upon the position of the event 
in a run of like events. In other words, 
prediction of a given event may increase 
or decrease following the occurrence 
of that event, depending upon whether 
the occurrence was at the beginning of 
a run or not. Decision theories as 
usually applied to this type of task do 
not predict this result, though this is 
not to say that they could not. It 
should be worthwhile to explore the 
possibility of manipulating the variables 
in some of these theories in such a way 
as to predict this result. 


SUMMARY 


This study was an investigation of trial- 
by-trial behavior in sequential two-choice 
decision tasks, or probability-learning tasks, 
as a function of event runs. A different 
group of 72 Ss was used with each of four 
different sequences. The proportions of the 
alternatives in three random sequences was 
50:50, 67:33, and 75:25. The fourth 
sequence was a 50:50 nonrandom sequence. 
Run curves were plotted for each group 
showing the proportion of predictions of 
one event after m successive previous occur- 
rences of that event and after nm successive 
previous occurrences of the other event. 
The typical run curve rose following the 
first two occurrences of the event being 
predicted and then dropped gradually, level- 
ing off after six or seven successive occurrences 
of that event. 

The shape of the run curve was, partially 
at least, dependent upon the run structure 
of the sequence. Consequently, the shape 
of the curve changed when the over-all 
proportions of the alternatives varied and 
also when the structure of the event sequence 
was modified independently of the propor- 
tions of the alternatives. Apparently, run 
curves reflect an important aspect of Ss’ 
behavior which does not appear in probability- 
learning curves. 
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PERFORMANCE AS A JOINT 


FUNCTION OF AMOUNT OF 


REINFORCEMENT AND INTER-REINFORCEMENT 
INTERVAL! 


GEORGE COLLIER AND 


University of Missouri 


One of the keys to the nature of 
reinforcement is the relationship be- 
tween performance and amount of 
reinforcement. The present study is 
concerned with the character of this 
relation as a function of inter-rein- 
forcement time when reinforcements 
are presented on a periodic schedule. 

A number of different primary 
events have been associated with the 
occurrence of reinforcement. Drive 
reduction, theconsummatory response, 
receptor stimulation, affective proc- 
esses, and cognition have all been 
proposed. Each of these hypotheses 
has been thought to require an in- 
creasing function relating amount of 
reinforcement and response strength, 
and this requirement has been sup- 
ported by a number of experiments 
(e.g., Crespi, 1944; Guttman, 1953, 
1954; Hutt, 1954; Young & Shuford, 
1954). No one of these hypotheses 
has embodied an account of the tem- 
poral properties of reinforcement. 

Under some circumstances the 
amount of reinforcement function is 
nonmonotonic, i.e., showing a decrease 
in response strength for larger amounts 
of reinforcement. [Explanations in- 
volving adaptation, satiation, aver- 
sion, and consummatory activity have 
been proposed to account for this 
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nonmonotonicity (eg., Guttman, 
1953; Hellyer? 1953; Hughes, 1957; 
Pfaffman, 1952). It would be logical 
to expect on the basis of these ex- 
planations that the extent of non- 
monotonicity would be some function 
of the time interval between successive 
reinforcements. It is the aim of this 
study to examine this possibility and 
to study the intrinsically interesting 
character of the interaction between 
reinforcement and inter-reinforcement 
interval. 


METHOD 


Apparatus.—Four Skinner boxes were 
used which have been described in detail by 
Guttman (1954). They delivered .02 ml., 
+.002 ml., of fluid reward. Temperature 
and relative humidity were controlled by 
air conditioning equipment. Number of 
bar-press responses was recorded cumulatively 
at 5-min. intervals. 

Subjects.—The Ss were 16 male albino rats, 
77-80 days old, obtained from the Duke 
University Medical School colony. 

Procedure.—The Ss were placed on a 22-hr. 
food and water deprivation schedule. Two 
days of magazine training were followed by 
acquisition of the bar-pressing response under 
continuous water reinforcement until all 
Ss had given approximately 800 responses. 
The 64 experimental daysfollowed. ‘Through- 
out experimentation, Ss were maintained on 
a 23-hr. food privation schedule and ad 
libitum water. 

Experimental design.—Four amounts of 
reinforcement (4%, 8%, 16%, and 32% 
sucrose solutions) and four periodic reinforce- 
ment (PR) intervals (.5, 1, 2, and 4 min.) were 
combined factorially. One S was placed in 
each of the 16 treatment combinations 
(cells). After four days, 45 min. per day, 
in its assigned cell, each S was placed in a new 
treatment combination. This procedure was 
repeated 16 times so that all Ss performed in 
all 16 possible combinations. The order of 
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Fic. 1. Rate of bar pressing as a function 
of concentration and PR interval for the 
first and last 5 min. of session. 


treatments was determined by 16 orthogonal 
Latin squares. 

All sucrose solutions were prepared as 
percentage by weight. Commercial granu- 
lated sugar and distilled water were used. 


RESULTS 


Figure 1 presents the antilogs of 
the mean log rates of responding 
during the first and last 5 min. of the 
last (fourth) session in each treatment 
combination. Each curve represents 
rate of responding plotted against 
concentration for one of the PR 
intervals. An analysis of variance 
on log rate of responding? for con- 
centration (C), interval (1), portion 
of the session (P), and Ss (S) is 


? As is usual with bar-pressing data at this 
level of responding, it was necessary to use 
a log transformation to obtain homogeneity 
of variance. 
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presented in Table 1. Since the 
triple interactions involving Ss did 
not appear to differ from one another, 
they were pooled with the quadruple 
interaction and used as the error 
term. The main effects of C, I, and 
P, as wellastheC K IandC XI x P 
interactions, were significant. A sim- 
ilar analysis of the log total number 
of responses per session again found 
main effects of C and I and the C X I 
interaction significant. 

As is to be expected, the rate of 
responding is higher for the greater 
concentrations and shorter intervals, 
and lower at the end of a session than 
at the beginning. The interactions, 
on the other hand, of C, I, and P are 
very interesting. Examination of Fig. 
1 indicates that the nonmonotonicity 
of the amount of reinforcement func- 
tion is a decreasing function of the 
inter-reinforcement interval and an 
increasing function of the duration 
of the session. 

In order to examine the interaction 
effects in more detail free of main 
effects, twice corrected tables (Lind- 


TABLE 1 


ANALYSIS OF VARIANCE OF LOG 
RATE OF BAR PRESSING 




















Source | df MS F 
Cc 2 | .59496 | 11.22* 
I 3| .23265| 4.39* 
P 1 | 13.04487 | 99.35* 
Ss 15| .87981 | 16.59** 
cxI | 9| .12367| 2.33** 
cCxP | 3 06598 | 1.24 
cxs 45 03787 | .71 
IxXP 3 07993 | «1.51 
Ixs 45| .04555| .86 
PxXS 15| -.13130| 2.48* 
CxXIXP | 9 10169 | 1.92** 
cxIxs | 135 04459 | .57 
CcxPXxS 45 03012 | .38 
IxPxsS 45 02518 32 
CKIXPxXxS 135 07838 | 
Pooled error 360 05303 
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quist, 1953) were constructed for the 
rate vs. log concentration and rate vs. 
interval functions. For clarity of 
presentation, the .5- and 1-min. and 
the 2- and 4-min. curves for the rate 
vs. log concentration function and 
the 4% and 8% and the 16% and 32% 
curves for the rate vs. interval func- 
tion were averaged (Fig. 2). From 
the left-hand side of Fig. 2 it can be 
seen that the slope of the rate vs. 
log concentration function is a de- 
creasing function of concentration 
for short intervals and an increasing 
function for long intervals. The rate 
vs. concentration function itself be- 
comes significantly nonmonotonic for 
the shorter intervals. Similarly, the 
slope of the rate vs. PR _ interval 
function (Fig. 2, right-hand side) is a 
decreasing function of interval up to 
2 min. for low concentrations and an 
increasing function of interval up to 
‘2 min. for high concentrations. The 
increment or decrement in response 
rate attributable to an increase in 
amount of reinforcement is a function 
of the interval between reinforce- 
ments; and conversely, the decrement 
in response rate attributable to an 
increase in the interval between 
reinforcements is a function of the 
amount of reinforcement being given. 
The magnitude of these interactions 
is an increasing function of the dura- 
tion of the session (compare the early 
and late portions of Fig. 1): 


DISCUSSION 


The present study shows that rate 
of responding is an increasing function 
of concentration and a decreasing func- 
tion of the length of the experimental 
session. This latter variable is, without 
a doubt, equivalent to the number of 
successive reinforcements. There is a 
time parameter in these two functions, 
the inter-reinforcement interval, which 
has at least two major effects. First, 
the immediate effects of concentration 
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Fic. 2. The interaction between 
concentration and PR interval. 


on rate of responding are modified by 
the inter-reinforcement interval; low 
concentrations are more effective than 
expected if delivered close together, while 
high concentrations are less effective if 
delivered close together. Second, the 
long term, i.e., post-ingestive, effects 
of concentration are a function of inter- 
reinforcement interval; the rate at which 
S’s responding slows down is greater for 
high concentrations at short inter-rein- 
forcement intervals, even though S is 
still consuming all of his reinforcements. 

These properties of the amount of 
reinforcement function may be accounted 
for by consideration of two classes of 
events, the stimulation at the time of 
ingestion, and the average concentration 
of substance in the alimentary tract. 
Vigor or frequency of performance, 
however it is measured, is an increasing 
function of the amount and intensity of 
stimulation and a decreasing function 
of post-ingestive concentration. Con 
centration of the reinforcing substance 
corresponds to the intensity dimension 
of the stimulational process and volume 
of reinforcing substance to the areal 
dimension. On 


these assumptions it 


would be expected that the initial rate 
of responding would be an increasing 
function of concentration, or volume, 
up to the point at which the effect of the 
post-ingestive concentration balanced the 
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stimulational effect, and that beyond 
this point it would be a decreasing 
function. Further, the point at which 
the inversion occurred would itself be a 
function of concentration, volume, inter- 
val between successive reinforcements, 
and number of reinforcements (duration 
of session), since these factors determine 
the post-ingestive concentration. By 
proper combinations of these values, 
it should be possible to obtain the point 
of inversion at different values of volume 
or concentration (see Crespi, 1944; Gutt- 
man, 1953, 1954) or even to obtain no 
relation between amount and perform- 
ance (Reynolds, 1952).* It is assumed 
that the relation between vigor or fre- 
quency of response and stimulation is 
itself modified by the quality of the sub- 
stance consumed and the deprivation 
state prevailing at the time, while the rela- 
tion between post-ingestive concentra- 
tion and response vigor or frequency is a 
function only of the state of deprivation. 

A variety of measures have been 
found to be increasing functions of 
concentration of the reinforcing sub- 
stance. The volume of singly presented 
sugar solutions consumed in a given 
interval of time increases up to approxi- 
mately 5% concentration and then 
declines (McCleary, 1953; Richter & 
Campbell, 1940; Young, 1949). A simi- 
lar relation is found for saccharine 
(Hughes, 1957). On the other hand, 
the initial rate of ingestion of fluids is 
a monotonic, increasing function of 
concentration (Shuford, 1957)*—a find- 


8 These relations are obviously modified 
by experience as can be simply shown in 
preference or secondary reward studies, or in 
a comparison of amount of reward curves 
obtained using each S as its own control with 
curves obtained using independent groups. 

‘The apparent contradiction between 
these data and Young's is easily explained 
since for a high concentration the rate of 
ingestion, while initially very high, falls off 
rapidly. Young's points are taken at 10- 
min. intervals, and by the end of 10 min. at 
a high concentration S has already consumed 
the amount of sugar he will “accept”’ at the 
concentration, an amount above that for 
lower concentrations, and virtually ceased 
drinking. 
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ing similar to the results of the compari- 
son of the early and late portion of 
sessions in the present study. A num- 
ber of studies (e.g., Young & Greene, 
1953) show that relative volume con- 
sumed of simultaneously offered solutions 
is an increasing function of concentra- 
tion, and amount of solute consumed is 
an increasing function of the highest 
concentration offered. Frequency of 
choice is an increasing function of 
concentration (Young & Greene, 1953). 
Rate of bar pressing (Guttman, 1953, 
1954; Hutt, 1954) and runway velocity 
(Spence, 1956) increases with concentra- 
tion. These are linear functions of log 
concentration up to some maximum 
value. The relation between log volume 
and performance is also linear (Hutt, 
1954), though this function may be com- 
plicated by ingestive properties when 
solid substances are used. Gustatory 
threshold studies show concentration is 
homologous with the intensity of stimu- 
lation (Pfaffman, 1952). The higher 
thresholds and increased reaction times 
(Holway & Hurvich, 1938) found for 
stimulation of small areas suggest the 
homology between the areal properties 
of stimulation in other receptors and the 
volume of reinforcement on the gustatory 
receptors. 

The relation between performance and 
other stimulus parameters of reinforce- 
ment is shown in a number of different 
kinds of studies. Manipulation of either 
quality or quantity of reward in prefer- 
ence studies results in changes in per- 
formance as measured by rate of bar 
pressing, amount consumed, or frequency 
of choice (Hutt, 1954; Young, 1949; 
Young & Shuford, 1954). The short 
latency of such changes precludes ac- 
counting for them by any post-ingestive 
process. The existence of absolute 
(Guttman, 1953, 1954; Hutt, 1954; 
Young, 1949) and differential thresholds, 
of equal sweetness contours, as well as 
the classic logarithmic relation between 
both concentration and volume and per- 
formance, all suggest typical psycho- 
physical relations. Variation of per- 
formance as a function of variations 
in amount, concentration, and kind of 
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non-nutritive substance (Hughes, 1957; 
Miller, 1957; Sheffield, Roby, & Camp- 
bell, 1954) is further evidence for the 
control of performance by the reinforcing 
stimulus. 

On the other hand, the existence of 
satiation, and the data of the stomach 
loading studies, demonstrate that there 
is a post-ingestive factor governing the 
relation between reinforcement and per- 
formance (McCleary, 1953; Miller, 1957; 
Smith & Duffy, 1955, 1957a, 1957b). 
The time parameters of this process are 
indicated in the present study (where 
the rate of bar pressing is a joint function 
of the amount of substance consumed, 
the time it takes to get it, and its con- 
centration) and the sugar studies of 
McCleary (1953) and Shuford (1957). 
Replotting of McCleary’s volume data 
in terms of amount of sugar consumed 
shows that amount of sugar consumed is 
a linear, increasing function of the con- 
centration and that the time in which this 
amount is consumed is a decreasing func- 
tion of the concentration. A_ similar 
relation for saccharine can be deter- 
mined from data presented by Hughes 
(1957) or Carper (1953), a nonmonotonic 
function for volume drunk, but an in- 
creasing monotonic function for amount 
of saccharine consumed. These results 
again suggest a post-ingestive mechanism 
based on momentary post-ingestive con- 
centration. The apparent ‘overshoot- 
ing’’ observed in the amount of sugar 
consumed may be the result of the empty- 
ing of the alimentary tract or of inertia of 
the mechanism. Further, the rate of in- 
gestion is jointly a function of concen- 
tration and time since drinking begins 
(Shuford, 1957). This interaction be- 
tween amount of substance ingested, the 
rate of its ingestion, and its concentration 
shows that there is a critical time period, 
governed by concentration, before the 
amount consumed modifies the relation 
between performance and reinforcement. 
The present résults support this inter- 
pretation. The data of Smith and 
Duffy (1955), who determined the effects 
of stomach loading of various sorts of 


substances on bar-press rate, indicate 
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that the effect is specific to the rewarding 
substance. They also show that for 
sugars the shutoff effect appears to be 
independent of the kind of sugar and 
only dependent upon the concentration. 
On the other hand, saccharine appears 
to have a more immediate shutoff for a 
much lower concentration (Carper, 1953; 
Hughes, 1957). This anomaly may be 
accounted for in terms of some ingestive 
effect based on adaptation. There is a 
strong suggestion that the major dimen- 
sion of the post-ingestive events is osmotic 
pressure. The means by which this 
or some other such consequence is 
reflected back upon consummatory re- 
sponses and their associated instrumental 
responses is not obvious. It seems 
possible that other associated conse- 
quences, such as distension, change in 
body temperature, breathing rate, etc., 
can become conditioned stimuli for the 
“shutoff” mechanism (Smith & Duffy, 
1957b). 

The striking parallelism, between func- 
tions established by psychophysical and 
physiological studies of the gustatory 
process and those found to describe the 
dependence of performance upon volume 
and concentration of reinforcement in 
behavioral studies leads to the conclusion 
that the major parameters of the amount 
of reinforcement function, however meas- 
ured, are intensity, area, and quality of 
stimulation. Furthermore, an account 
of satiation and associated phenomena 
requires a second mechanism, slower 
acting in nature, which modifies the 
relation between performance and rein- 
forcement as a function of the momen- 
tary post-ingestive 
reinforcing substance. 


concentration — of 


SUMMARY 


Rate of bar pressing is examined as a joint 
function of sucrose concentration, 
reinforcement (PR) interval, and 
of session. 

The interactions as well as the main effects 
of these variables prove significant. In 
the first portion of a session performance is 
an increasing function of concentration for 
long PR intervals and a nonmonotonic fune- 
tion for short intervals. The point of in- 


inter- 
portion 
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version occurs at a lower concentration for 
each interval in the last portion of a session. 
It is argued from these data that amount 


of reinforcement is an increasing function, 


of stimulation and a decreasing function of 
the post-ingestive concentration of the rein- 
forcing substance. 
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SPONTANEOUS REGRESSION AND RECOVERY IN A 
SEQUENCE OF DISCRIMINATION PERIODS! 


DAVID McCONNELL # 
Indiana University 


Estes (1955) has proposed an 
explicit mathematical model for spon- 
taneous recovery and regression. The 
present study was designed to test 
directly certain theoretical conse- 
quences which followed from that 
paper. The model may be briefly 
recapitulated as follows: 


The total population Se of stimulus ele- 
ments can be conceptually partitioned into 
two mutually exclusive and exhaustive 
subsets during any experimental period. 
The set S, called the available set, contains 
those elements attendant during the period, 
and hence amenable to conditioning or 
extinction during the period. The unavail- 
able set S’ contains all those elements not 
in S during the training period. On Sand S’, 
respectively, are defined the probabilities 
p(t) and p’(t) representing the proportions 
of conditioned elements in the two subsets 
at time ¢. During rest intervals between 
periods a random exchange of elements 
takes place, whose rate is expressed by the 
probabilities j and j’. These two parameters 
are assumed roughly constant in rest intervals, 
whence the relative size of S with respect to 
Se during rest intervals is related to j and ;’ 

- 
by the J i+ 


expression = From a 
J 


more rigorous formulation of these assump- 
tions, Estes derived his basic finite difference 
equation for spontaneous recovery and re- 
gression during rest intervals. In the deriva- 
tion he made the simplifying assumption that 
no exchange takes place within experimental 
periods. 


From the basic equation the present 
E derived mathematical predictions 
for response probability as a function 
of time following each of a proposed 


1 This study is based upon a part of a 
dissertation submitted in partial fulfillment 
of the requirements for the Ph.D. degree 
in the Department of Psychology, Indiana 
University, 1957. 

2 Now at Ohio State University. 


sequence of experimental periods.’ 
Figure 1 shows these predictions 
graphically for four theoretical groups,’ 
each of which is subjected to an 
identical sequence of experimental 
periods, but no two of which have the 
same combination of the two rests inter- 
vening between experimental periods. 
The experimental sequence depicted 
consists of (a) acquisition training 
from p = 0 to 1 (where p is propor- 
tion of conditioned elements in S), 
(b) extinction to p=0, and (ce) 
reconditioning to p = 1. The indi- 
cated rest intervals are either 0 or ~. 
The mathematical predictions on 
which the graphs are based may be 
verbally summarized as follows: 


1. Prolonging the interval ¢, be- 
tween Periods I and II should de- 
crease p(t;) as in any conventional 
retention study. That is, p(t,) for 
Groups 3 and 4 should be less than 
that for Groups 1 and 2. This is the 
case because the longer the interval 
following an initial learning period 
the more conditioned elements will 
have escaped into the unavailable 
set S’. 

2. When the interval ¢; between 
Periods I and II is zero, increasing 
the interval t, between Periods II and 
III should have no effect on p(t2) or 
p(ts). That is, p(te) and p(ts) for 
Groups 1 and 2 should be equal. 
This is the case because all elements 
conditioned in Period I should be 


* Readers interested in the mathematical 
details as well as details of procedure and 
results may obtain microfilms of the original 
thesis from University Microfilms, Ann 
Arbor, Mich. 
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Fic. 1. Predictions of response prob- 
ability in the available set S for four treat- 
ment groups. J is a proportionality constant 
relating the average size of S to the size of 
the population, S+. 


extinguished in Period II if no time 
is permitted after acquisition for 
escape of elements into S’. There- 
fore, increasing the recovery time fy 
following extinction in Period II will 
bring back no additional elements 
into S. 


3. When the interval ¢; between 


Periods I and II is greater than zero, 
increasing the interval ¢t, between 


Periods II and III should increase 
p(te) and decrease p(ts;). That is, 
p(te) for Group 4 should be greater 
than it is for Group 3, but p(ts) should 
be less for Group 4 than for Group 3. 
This is the case because, since the 
interval between I and II is greater 
than zero, some elements will escape 
into S’ before extinction commences 
in, Period II]. At the end of II, 
increasing f, will permit more of these 
conditioned elements to return to S, 
thus increasing p(t2) in Group 4. 
On the other hand, the more of them 
that are in S at t, when Period III 
reconditioning begins, the fewer will 
remain in S’ during the period. Since 
probability in S presumably proceeds 
to 1, regardless of number of condi- 
tioned elements present at the outset, 
this can only result in a lower over-all 
number of conditioned elements in 


the total set S*. Hence, p(t;) should 
be lower for Group 4. 

4. When the interval ft, between 
Periods II and III is zero, increasing 
the interval ¢; between Periods I and 
II should increase p(t;). That is, 
increasing ¢; increases the number of 
elements which escape into S’ be- 
tween Periods I and II. This num- 
ber will remain fixed until the com- 
pletion of reconditioning in Period 
III, if the interval tg between II and 
III is 0. Thus, p(t) will be maxi- 
mized for the longest interval ¢,, and 
we should expect p(t;) to be higher 
for Group 3 than for Group 1. Since 
Groups 1 and 2 should be equal, 
the comparison should also hold for 
Groups 3 and 2. 

5. When the interval ft. between 
Periods II and III is not zero, increas- 
ing the length of the previous rest 
interval ¢,; should increase p(t.) and 
p(ts). This means that both p(te) 
and p(t;) should be higher for Group 
4 than for Group 2. Again the rela- 
tion should hold also between Groups 
4 and 1, because of the presumed 
equality of Groups 1 and 2. As 
indicated in Prediction 1 above, 
increasing the first rest interval ¢; 
should increase the number of condi- 
tioned elements escaping from S 
between Periods I and II. After ex- 
tinction in Period II, this should 
leave an increased number to return 
to S during the recovery interval 
te, and again during the regression 
interval t; following Period III. 

Since under the foregoing assump- 
tions there is no intraperiod exchange 
of elements between S and S’, it is 
implied that initial ordering in re- 
sponse probability among groups sub- 
jected to varying interperiod rest 
intervals should hold across an entire 
period following a rest; whence it 
should not be difficult to check the 


predictions if differences can be maxi- 
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mized by employing sufficiently long 
and sufficiently short rest intervals 
between periods for different groups. 
It is evident, in the case of the inter- 
val ¢t; following Period III, that none 
of the predictions are testable at 
t; = 0, since at that value all proba- 
bilities in S should be 1, regardless of 
previous treatment. Therefore, in 
the following, ¢; is maximized for all 
treatment groups, while ¢,; and fz 


serve as the two independent variables. 


METHOD 


Subjects—The Ss were 96 female albino 
rats, age 60-90 days, housed four to a living 
cage during the experiment. 

Apparatus.—Four two-bar Skinner boxes 
were used. At one end of the box, and 4 
in. apart, two }-in. brass bars were situated 
symmetrically with respect to the midline; 
a .0125 ml. dipper was centered on the mid- 
line at the opposite end. Each bar projected 
# in., at a height of 1} in., from a vertical 


islot in the wall, and was retractable through - 


the slot. When S pressed the reinforced bar, 
both bars retracted and the dipper descended 
into a water trough which lay beneath a 
Plexiglas shield. When S made its way to 
the dipper and stepped on a floor panel in 
front of the dipper, the bars dropped back 
into position and the loaded dipper came up 
to S. A 1-in. barrier was erected on the 
floor in front of the dipper area, two-thirds 
of the way from the bars, to keep S's tail 
off the floor panel during bar pressing. When 
S pressed the unreinforced bar, only the 
recorder was activated. Recording of both 
reinforced and unreinforced bar presses 
was accomplished by means of an Esterline- 
Angus operations recorder. 
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Pretraining.—All Ss were given extensive 
pretraining to one side. Although equal 
numbers of Ss in each treatment group were 
pretrained on each side, we will adopt here 
the convention, for simplicity, of referring 
to the pretraining and subsequent even- 
numbered periods as “R” periods, and to 
odd periods as “L” periods. About every 
third S entered in pretraining was discarded 
for failure to meet a fixed rate-of-response 
criterion during pretraining. 

Experimental procedure.—Periods | and III 
were acquisition periods (Table 1). During 
these periods, the dipper and _ retraction 
circuits closed only for the left (L) bar. 
During Periods II and IV (extinction) only 
the R bar operated these circuits. A con- 
tinuous record was kept of both reinforced 
and unreinforced responses. The number of 
trials (reinforced responses) in each period 
was 30, 40, 40, and 50, respectively, and the 
intervals between periods were as shown in 
Table 1. No S was kept in the apparatus 
longer than 2 hr. on any day. When the 
interperiod interval was 0, Ss were removed 
from the apparatus, taken to the adjoining 
room, placed in a holding cage, taken out, 
and returned to the apparatus in a single 
sequence lasting about 20 sec. While this 
treatment could be expected to induce some 
regression or recovery, it was included to 
keep handling effects as closely alike as 
possible for all groups at the close of one 
period and start of the next, in anticipation 
of the argument that  handling-induced 
changes were not “spontaneous.” When the 
indicated interval was 24 hr. (Ellson [1938] 
showed a negligible effect on a_bar-press 
response of prolonging rest beyond this 
time), Ss were removed from the apparatus, 
taken to the adjoining room, placed in the 
holding cage, and allowed to drink freely for 
3 min. before being returned to their home 
cages. When S had made 10 reinforced 
responses in Period I, indicating that the 


TABLE 1 


SUMMARY OF TREATMENTS FOR THE Four Groups 


Group 


40 trials 
Right 
Right 
Right 
Right 


Period 


Rest 
40 trials 
Left 
Left 
Left 
Left 


24 hr. 


24 hr 
24 hr. 
24 hr. 
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acquisition of the L response could be ex- 
pected, it was assigned by reference to a 
table of random numbers to one of the four 
treatment groups, and further treatment 
followed accordingly. 

Deprivation.—Prior to pretraining, Ss had 
been adapted to a low subsistence rate of 
water consumption in their home cages. 
After adaptation was completed and Ss had 
begun pretraining, water was at no time 
available in the home cage. All water was 
obtained either in the apparatus or in the 
holding cage. Just prior to Periods I and 
IV, all Ss were on 24-hr. deprivation. Since 
Ss in. delayed groups were under 24-hr. 
deprivation at the start of Periods II or III, 
or both, the amount of water they had con- 
sumed prior to entry into the box had to be 
brought up to equality with that consumed 
in the previous period or periods by nondelay 
Ss. Otherwise, deprivation and delay effects 
would have been confounded. Therefore, 
.5 hr. before Periods II and III, Ss in delayed 
groups were placed in holding cages and 
administered drive-equating water with a 
graduated pipette; prior to Period I1, Groups 
3 and 4 were given the equivalent of 30 
dippersful, and prior to Period III, Groups 
2 and 4 were given the equivalent of 70 
dippersful. Pilot work had indicated the 
possibility of response-depressing effects of 
temporary satiation following consumption 
of the entire quantity in a few seconds just 
prior to the period, while Ss in nondelay 
groups had consumed the same amount in.a 
period of strenuous bar pressing; thus all 
but .05 ml. (equivalent of 4 dippersful) was 
given .5 hr. before the period, and the balance 
immediately before the period. 


RESULTS 


Results appear in Fig. 2, 3, and 4, 
which present graphically the essen- 
tials of over 100 statistical tests. 
At the tops of the figures are indicated 
the outcomes of F tests of the equality 
of the four group means where such 
tests showed significance at or beyond 


the .05 level. Significant F’s were 
supplemented by appropriate t's 
throughout, and a difference men- 
tioned in the text should be inter- 
preted as significant unless otherwise 
specified. 


Relative frequency measwres._-A 
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“correct” response was defined as a 
reinforced response following directly 
the preceding reinforced response 
(without an intervening unreinforced 
response). If the period’s first re- 
sponse was reinforced, this was also 
called “correct.” 

For a sequence of n reinforcements 
in which S had made ¢ correct re- 
sponses, the relative frequency of 
correct responses was defined as 
c/n, whereas the relative frequency 
of: incorrect responses was 1-c/n. It 
will be noted that this definition 
effectively lumps together all unrein- 
forced responses intervening between 
two reinforcements. Large amounts 
of pilot data had shown this particu- 
lar measure to be insensitive to 
treatment differences. Thus for peri- 
ods in which the L response was rein- 
forced (I, III) the relative frequency 
of L, or conditioned, responses was 
defined as equal to the relative 
frequency of correct responses. For 
periods in which the R response was 
reinforced (II, IV) the relative fre- 
quency of the L, or conditioned, 
responses was defined as equal to 
one minus the relative frequency 
of the correct response. This protocol 
was adopted to insure definition of a 
choice-point (the point of leaving 
the dipper) at which the stimulus 
situation could be construed as con- 
stant from trial to trial, in order that 
estimates of response probability in 
terms of the model might refer always 
to the same stimulus-response rela- 
tionship. 

Figure 2 shows the relative fre- 
quency of the conditioned (L) re- 
sponse in blocks of 10 reinforcements 
across the entire experiment. In 
Period I, no statistically reliable 
differences between groups appeared. 
For all groups, relative frequency 
was around .8 in the last block of 10, 
and did not approach 1 as required 
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Mean proportion of CR’s (L) in blocks of 10 reinforcements. 
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The dotted lines 


between periods represent approximate regression and recovery curves for the four groups. 


for simplest application of the theory. 
Initial relative frequency was sub- 
stantially above 0. 

Between Periods | and II, relative 
frequency of the L _ response, as 
measured in the last 2 min. of Period 
I and the first 2 min. of Period II, 
underwent spontaneous regression as 
shown by the dotted lines between 
Periods I and II of Fig. 2. Statistical 
differences between groups in the 
amount of regression were lacking. 
Within Period II, a nonsignificant 
mean superiority of Groups 1 and 
2 taken together, over Groups 3 and 
4, underwent a decided reversal by 
the end of the period. 

Over the rest interval between 
Periods II and III, the recovery 
shown by the respective groups was 
.1 to 4 for Group 1; .2 to .6 for 
Group 2; .3 to .5 for Groups 3 and 
' 4. In Period III, no differences in 
relative frequency appeared at any 
time, all groups converging to about 
JS. 

Spontaneous regression from this 
value was not uniform for the four 
groups—Groups 1 and 3 dropped to 
slightly more than .3 by the start 
of Period IV, and Groups 2 and 4 


to about .5. Figure 2. indicates 
clearly that at the outset of Period 
IV Groups 1 and 3 together were 
about .15 lower in mean relative 
frequency of the L response, as meas- 
ured along the ordinate, than Groups 
2 and 4. But by the end of the 
period, Groups 1, 2, and 3 together 
fell almost .20 below Group 4. Here, 
as in Period II, terminal relative 
frequency of the L response was far 
above 0 in all groups, and the func- 
tions were characterized by a lack of 
parallelism and by intersections. 

Initial values of relative frequency 
correct demonstrated a general in- 
crease from just less than .2 to about 
.6 across the entire experiment, while 
the terminal values stayed, on the 
average, between .7 and .8, regardless 
of period. Average initial relative 
frequency of the L response went 
from between .1 and .2 in Period I 
to between .4 and .6 in the next 
three periods; however, from Periods 
II to IV, it showed, if anything, a 
gradual decrease. 

Supplementary response measures. 
Figure 3 depicts the mean number 
of reinforcements delivered in the 
first 2 min. and last 2 min. of respond- 
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Fic. 3. Mean number of reinforcements during initial and final 
2-min. intervals of responding. 














Test 20 21 22 43 44 45 46 67 68 69 70 92 93 94 9% 96 
[Significonce Level’ | 05 OF CF CY | OF OF OF oT 
10} Period 1 | a | m | m 
+? | | | 
| | | 
a 3 | | | 
My | | | 
Ser | | | 
2 5 gene 4 
= st le | | 
€ | 
2 "| | | : 
4 | 
— ab 2 2 
ai | RSS bes! : 
2 | 3 — 
ir | | | 
OF | | | 
i i me awe i i = = i i me i A. i 1 i 
12 3 i 23 4 123 4 i234 8 
Block Numbers 


Fic. 4. Mean response time by successive blocks of 10 reinforcements. 
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ing in each period. Figure 4 shows 
the time of completion of successive 
blocks of 10 reinforcements. In 
Period I, no significant differences 
appeared. In Period II, Group 2, 
when compared with the identically 
treated Group 1, showed significantly 
reduced rate of reinforcement as 
reflected in both Fig. 3 and 4. This 
occurred despite elaborate precau- 
tions to avoid such unfortunate dis- 
tributions of responses, by randomiz- 
ing time of day, box number, group 
number, etc; and a battery of tests 
following data collection failed to 
identify any accountable factor save 
misfortune. Had the split occurred 
in Period I between these two groups, 
the Period II measures could very 
probably have been adjusted by a 
constant amount. Adjustment of 
measures following Period II would, 
in any case, not be justifiable since 
identical treatments no longer pre- 
vailed. The stratagem selected was 


therefore simply to let the chips fall. 
The mean measure of Groups 1 and 
2 in Period II was thus compared 
with that for Groups 3 and 4, not- 
withstanding intratreatment discrep- 


ancies. So determined, a reduced 
frequency of reinforcement for the 
immediate extinction groups (1 and 2) 
paralleled an elevated response time 
and the reduced relative frequency 
of the L response already noted. 
In Period III, response time and rate 
of reinforcement measures gave a 
clear picture—Group 4 responding 
at the fastest rate after having 
received a 24-hr. rest following each 
of the preceding periods, while Group 
1 was markedly retarded after no 
rests. Rate of reinforcement was 
not directly related to relative fre- 
quency of the L response as it ap- 
peared to have been in Period II. 
Reinforcement frequency early in a 
period demonstrated a consistent in- 
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crease across the experiment, while 
response times, except for the radical 
departure of Group 1 in Period III, 
exhibited a fairly regular decrease 
across the experiment. 


DISCUSSION 


The relative frequency measure (Fig. 
2) does not provide consistent support 
to the predictions (Fig. 1) based on the 
Estes model. While it is true that 
substantial régression and recovery, in 
amounts dependent for the most part 
upon the preceding treatment, were 
observed between periods, the exact 
nature of the dependence does not 
readily emerge. Perhaps the chief con- 
firmation of the predictions lies in the 
fact that Group 4, which had been sub- 
jected to the 24-hr. rest after every 
preceding period, demonstrated a higher 
proportion of L responses in Period IV 
than either Groups 1 or 2, as predicted. 
And in all but the initial block of 10 
trials in that period, the latter two groups 
were close together, as had been pre- 
dicted. 

However, a number of discrepancies 
between the predictions and results was 
observed, particularly in the extinction 
periods (II and IV). Although the 
initial nonsignificant superiority of 
Groups 1 and 2 taken together (this was 
depressed by deliberately introduced 
handling, it will be recalled) appears to 
confirm prediction in Period II, the 
reversal of this relationship by the end 
of the first 10 trials was unanticipated. 
The predicted order of relative fre- 
quencies for Period III is not in evidence, 
and, it should be noted, none of the 
obtained differences was significant. In 
Period IV, Group 3 was initially the 
lowest of the four groups, opposite to 
prediction, though it appeared to pick 
up slightly as the period progressed. 
In both Periods II and IV, moreover, 
common features are the intersection 
and divergence of the curves. These 
appear to contradict the assumption 
that response probabilities for all groups 
regardless of the length of previous 
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rest periods or initial differences in 
magnitude, should maintain a constant 
ordering throughout any period. 

A somewhat different approach to the 
results might be to choose rate of rein- 
forcement as the best indicant of response 
probability; that is, if reinforcement 
frequency per unit time were high, 
response probability would be _ inter- 
preted as high, and so on. A formal 
definition of response probability on this 
basis would, of course, require proba- 
bility to be time-dependent, as in the 
Poisson distribution. During extinction 
periods, a relatively low rate of rein- 
forcement could be interpreted, using 
this approach, as indicating a relatively 
high resistance to extinction of the 
response of the previous period. So 
regarded, the curves for frequency of 
reinforcement and response time in 
Period II (Fig. 3 and 4) would appear 
to confirm predictions: Groups 1 and 2 
taken together respond less rapidly 
than do Groups 3 and 4, presumably 
indicating a higher probability of the L 
response of Period I. This interpreta- 
tion at least conforms to expectations 
based on conventional forgetting curves 
for groups tested immediately and after 
delay (Ebbinghaus, 1913). In Period 
III, the same measures indicated superi- 
ority for Group 4 and approximate 
equality for Groups 2 and 3, as predicted. 
Group 1, however, shows a response 
strength falling progressively below that 
of the groups (1 and 2) to which it 
should have been comparable. It could 
be argued here that Group 1's demise is 
attributable to fatigue—though initially 
equated with other groups for thirst 
drive, it remained in an apparatus where 
typical temperature was close to 100° 
F. for a longer continuous period than 
the other groups. Examination of Fig. 
3 divulges that Group i's response rate 
is not statistically different initially from 
the other groups, while it is clearly 
slower by the end of the period. Figure 
4 discloses, in fact, that this response 
degradation is already well under way 
by the end of the first block of 10 rein- 
forcements. However, fatigue is pos- 
sibly confounded with additional in- 
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fluences here. Yet, even if a measure 
of success were granted to the rate-of- 
response interpretation of the first three 
periods’ data, it is difficult to imagine 
how the outcome of this measure, as 
shown by Fig. 3 and 4 in Period IV, 
could be reconciled with the ordering 
of the curves in Fig. 1, for that period. 
Nor does it appear to the writer that any 
systematic application of an alternative 
theory, such as generalization or reactive 
inhibition, would help quantify the data. 
Retention of relative frequency as the 
primary measure, on the other hand, 
forces attention to the disparity between 
the assumptions of the model and the 
outcome of the experiment in the par- 
ticular matters of intersections of initially 
disparate curves, and divergence of 
initially equal curves of extinction. It 
was assumed that no intraperiod trans- 
fer of elements occurs between S and S’. 
Because intraperiod curves diverge so 
markedly in Period II (Fig. 2), the 
advisability of retaining this assumption 
is open to question. Indeed, it is this 
failure of curves to preserve initial 
relationships within a given period 
which does not coincide with the Estes 
model, and not their failure to start at 
p(0) = O or end at p(n) = 1 for the 
response under reinforcement. (The 
latter difficulty is easily overcome by 
substituting the empirical values of 
p(0) and p(n) for 0 and 1, an adjustment 
which alone cannot affect the ordering 
of curves.) Retention of the intra- 
period no-exchange assumption pre- 
cludes simple forgetting within a learn- 
ing period, as well as spontaneous recovery 
during an extinction period, and in 
general imposes what appears to the 
writer to be a prohibitive limitation on 
practical application of the model. 
Theoretical endeavors in psychology 
may sometimes have: to face the im- 
possibility of abstracting a learning 
situation sufficiently to permit cate- 
gorical demonstrations of limited theo- 
retical propositions. The model for 
spontaneous recovery and_ regression 
tested in this study apparently illustrates 
the point. Though the model enjoys 
internal and a clean-cut 


consistency 
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mathematical relation to models for 
other aspects of learning, it can probably 
be tested only in a highly restricted 
experimental situation—one very pos- 
sibly limited to studies with man and 
higher primates. Furthermore, it seems 
only common sense to treat the no- 
exchange assumption as a very special 
case of a more general model in which 
exchange of elements between S and S’ 
proceeds both within and between ex- 
perimental periods, not necessarily at the 
same rate. The development of such 
a model is undertaken elsewhere (Mc- 
Connell, in press), and a first-order ap- 
proximation to the present data is pre- 
sented therein. 


SUMMARY 


Data are provided concerning the influence 
of distributional conditions during learning on 
the subsequent retention of CR’s. The study 
was designed to permit tests of Estes’ mathe- 
matical model for spontaneous recovery and 
regression. 

Ninety-six female albino rats were run in 
two-bar Skinner boxes. Each of four groups 
was subjected to four experimental periods 
in the sequence acquisition, extinction, 
acquisition, extinction. During any period, 
responses to one bar were reinforced and 
responses to the other went unreinforced. 
The time intervals between periods were 
varied among the four groups, the intervals 
being 0, 0, and 24 hr. for Group 1; 0, 24, and 
24 for Group 2; 24, 0, and 24 for Group 3; 
and 24, 24, and 24 for Group 4. 

It was predicted from the model that 
relative frequency of CR’s in Period II should 
be higher for Groups 1 and 2 than for Groups 
3 and 4; that in Period III, Group 4 should be 
the highest in this measure, while the other 
three groups should be equal; and that in 
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Period IV, Group 3 should be highest, fol- 
lowed by Group 4 and then by Groups 1 and 
2 together. 

The relative frequency measure did not 
consistently demonstrate the predicted order. 
In Period II, this order appeared initially 
but differences were not significant and the 
order was reversed as the period progressed. 
In Period III, no significant differences in 
this measure occurred. In Period IV Groups 
1, 2, and 4 appeared in the predicted order, 
but Group 3 was unexpectedly low. A 
supplementary measure, rate of reinforce- 
ment, did show the predicted order in all 
periods, with exceptions of a marked lowering 
for Group 1 in Period III, and for Group 3 in 
Period IV. 

The discrepancies between observed and 
predicted orders of relative frequencies, 
together with systematic intraperiod changes 
in observed orders, question the model's 
assumption that spontaneous regression and 
recovery of the CR could be accounted for 
solely in terms of interperiod fluctuations 
in stimulus conditions. An augmented model 
may provide for negligible intraperiod fluctua- 
tion only as a special case. 
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THE ROLE OF REINFORCEMENT AND 
NONREINFORCEMENT IN AN 
“APPARENT FRUSTRATION 
EFFECT” ! 

ALLAN R. WAGNER 
State University of Iowa 


Amsel (1958a) has recently pre- 
sented a theory of nonreinforcement 
if! appetitional learning situations 
which ascribes, under certain condi- 
tions, active motivational properties 
to nonreinforcement. In part, th: 
theory maintains that after a response 
has been reinforced a sufficient num- 
ber of times to permit the development 
of anticipatory goal responses, nonre- 
inforcement will elicit a primary moti- 
vational condition termed frustration. 

Support for this position comes 
largely from a series of studies (Amsel 
& Hancock, 1957; Amsel & Roussel, 
1952; Roussel, 1952) from the Tulane 
laboratory. The response chain in- 
vestigated involved rats running from 
a start box to a goal box where rein- 
forcement was given on a_ portion 
of the trials and then running to a 
second goal box where reinforcement 
was always given. In each of these 
studies it was found that after some 
number of reinforcements in the first 
goal box, Ss ran faster in the second 
alley on trials when reinforcement 
was omitted from the first goal box 
than on trials when reinforcement was 
given. This increased vigor of re- 

' Part of a thesis submitted to the Gradu- 
ate College of the State University of 
lowa in partial fulfillment of the require- 
ments for the M.A. degree. The author is 
indebted to Kenneth W. Spence for his 
advice and assistance throughout the course 
of the investigation, and to Lila M. Wagner 
who assisted in running Ss. The present 
report was prepared while the author was a 
National Science Foundation Predoctoral 
Fellow. 


sponses following nonreinforcement 
has been termed the frustration effect 
(FE) and has been attributed, by 
Amsel, to the motivational properties 
of frustration. 

Although the results of these studies 
are consistant with a theory of 
frustrative nonreward, Seward, Pere- 
boom, Butler, and Jones (1957), have 
been unwilling to reject an alternative 
interpretation according to which the 
difference in Runway 2 running speed 
following reinforcement and nonrein- 
forcement may be due, not to an 
increase in drive on nonreinforced 
trials, but rather to a decrease in 
drive on reinforced trials. 

Seward et al. (1957) in a similar 
double runway situation again ob- 
tained an apparent FE. In addition, 
however, it was observed that Ss 
ran significantly slower in both Run- 
way 1 and Runway 2 if they were 
prefed either .5 or 1.0 gm. of food 
before entering the first start box. 
Arguing that feeding in Goal Box 
1 would serve to depress performance 
as did prefeeding, the authors con- 
cluded that at least part, if not all, 
of the apparent FE could be at- 
tributed to a reduction of the incen- 
tive motivational variable on reward 
trials rather than frustration on 
nonreward trials. 

Some caution should perhaps be 
observed before one concludes that 
the response depressing effects of 
feeding will account for the apparent 
FE in the Tulane studies, as well as 
in the Seward et al. study. Amsel 
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(1958b), 
(1952), have explicitly rejected such 
an interpretation of the Tulane results 
on the basis of previous prefeeding 


and Amsel and _ Roussel 


studies. ‘These investigations (Bruce, 
1937, 1943; Fredenburg, 1956; Maltz- 
man, 1952; Morgan & Fields, 1938) 
appear to be in essential agreement 
that small amounts of prefeeding, if 
they have any effect, will lead to an 
increase in running speed, whereas 
larger amounts of prefeeding may 
lead to a decrement in subsequent 
performance. Although it is not clear 
at what magnitude retarding effects 
will appear, it should be noted that 
other investigators (Maltzman, 1952; 
Morgan & Fields, 1938) have failed 
to find statistically reliable depressing 
effects of prefeeding unless much 
larger magnitudes were used than 
those employed by Seward et al. 
However, granted that .5 or 1.0 gm. 
feeding does lead to response de- 
pression, it is doubtful that the 
smaller amounts of reward (.125 gm. 
food or two drops water) used in the 
Tulane experiments would lead to 
similar results. Furthermore, as 
Seward et al. have pointed out, the 
finding that feeding leads to response 
depression does not vitiate the inter- 
pretation that nonreward leads to 
an increment in motivation level. 

A method of evaluating the frus- 
tration and response-depression inter- 
pretations would appear to be af- 
forded by a repetition of the double 


runway experiment, but with an 
added control group which never 
receives reinforcement in the first 


goal box. According to the frustra- 
tion hypothesis, since these control Ss 
are never rewarded in Goal Box 1, 
nonreinforcement would not be frus- 
trative. In this case the control Ss 
would be expected to run slower in 
Runway 2 than would the experi- 
mental Ss following a frustrative 


131 


nonreward. According to the re- 
sponse-depression hypothesis, these 
control Ss would not have their 


motivation level reduced by feeding 
in Goal Box 1 and, thus, should run 
faster in Runway 2 than would 
experimental Ss after a_reinforce- 
ment. Furthermore, if response de- 
pression is the only variable account- 
ing for the apparent FE it would be 
expected that the control Ss should 
run at about the same speed as would 
experimental Ss after nonreinforce- 
ment in Goal Box 1. 

The present investigation was de- 
signed to permit such an evaluation 
of the two interpretations as well as 
to attempt to replicate the results 
of the Tulane studies with regard to 
the development of the apparent FE 
under partial reinforcement conditions. 


METHOD 
Subjects 


Forty-five experimentally naive female 
hooded rats from the colony maintained by 
the State University of lowa Psychology 
Department served as Ss. Their ages ranged 
from 90 to 100 days at the beginning of the 
experiment. Fifteen Ss were randomly as- 
signed to each of three experimental groups. 
Of these, two Ss died during the course of the 
experiment leaving 43 Ss from which data 
were collected. 


Apparatus 


The floor plan and dimensions of the 
apparatus are shown in Fig. 1. The ap 
paratus, which is similar to that employed 
by Amsel and Roussel (1952), 
essentially of two runways in series, the goal 
box of the first runway serving as the start 
box for the second. The SB, Runway 1, 
and G,; were painted flat black and had a 
rubber-mat floor. In order to differentiate 
the first and second alley conditions as much 
as possible, Runway 2 and Gy, were painted 
white with a hardware-cloth mesh covering 
on the floor. Similarly, while the goal piece 
in G,; was a small plastic cup mounted on 
the side of the goal box, the goal piece in Gy» 
was an aluminum block located at the end 
of the goal box. 
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P,; represent the three photocells which were located 2 in. above the runway floor; C; and C2, 
the two goal pieces; SB, the start box; G; and Gz the two goal boxes. 


Two start doors, one opaque and the 
other clear plastic, separated the start box 
from Runway 1. The single start door 
separating G,; from Runway 2 was opaque, 
the two sides corresponding in brightness to 
the alleys they faced. The top of the maze 
was covered with clear plate glass and the 
goal sections with hinged pieces of clear 
plastic. Dim illumination was provided 
by the reflected light from three shielded 
60-w. bulbs equally spaced 5.5 ft. above the 
maze. 

Starting and running times in Runway 2 
were obtained in the following manner. 
Raising the G; start door activated a Standard 
Electric 1/100-sec. clock which was stopped 
when S interrupted an infrared beam 3.5 in. 
from the G; door. A second clock was 
activated and stopped by the successive 
interruptions of infrared beams located 1 and 
2 ft. from the G, door. 


Procedure 


Habituation.—The preliminary _ training 
consisted of a total of eight days of habitua- 
tion during which a 24-hr. food deprivation 
schedule was established. The eight days 
consisted of: three days in which each S 
was handled for a 5-min. period before being 
fed for 1 hr. in an individual feeding cage; 
two days in which each S was placed in a 
carrying cage for 15 min. before being fed; 
and finally three days in which Ss were al- 
lowed to explore the maze in groups of three 
for 5-min. periods. During these periods 
the photoelectric system was operating so 
that Ss could become adapted to the clicking 
noise of the clocks and any other noises 
associated with the apparatus. After the 
exploration period on each of these days, Ss 
were placed in an unpainted pine goal box 
and allowed to eat a number of the food pel- 


lets later used as reward. The Ss were 
allowed to eat these pellets from the food 
cup, or cups, in which they would receive 
reward in the experimental apparatus. 

Experimental procedure.—A training trial 
was initiated with the introduction of S into 
the starting box. As soon as; faced in the 
direction of the runway the odeque door was 
raised. Approximately 2 sec. later the plastic 
door was raised, allowing S to transverse the 
first runway to G,. Lowering the first 
retrace door enclosed S in G;, where it was 
either rewarded with a .1 gm. Purina Lab 
Chow pellet or not rewarded, according to the 
experimental plan. Fifteen seconds after the 
closing of the retrace door, the start door was 
raised, allowing S to enter Runway 2. The 
only departure from this 15-sec. interval 
occurred during the first two trials for the 
reinforced groups when it was necessary for E 
to wait until S had discovered the food before 
starting the 15-sec. period. Each S received 
two .1 gm. pellets in G, on every trial and was 
removed as soon as it had finished eating. 

A total of 108 trials was given in 29 con- 
secutive days. Each S received one training 
trial on Days 1 and 2, and two trials on Day 
3. Subsequent to this, four trials were 
administered each day with a minimum 
intertrial interval of 20 min. and at an average 
of 22 hr. of food deprivation. 

The Ss in Group P were given partial 
reinforcement experience in G, from the 
beginning of training. These Ss were re- 
warded in G, on the first three trials and non- 
reinforced for the first time on Trial 4. On 
the following trials, nonmreward (F) and 
reward (R) were introduced in G; by repeat- 
ing the following cycle of trials: RFRF 


FRFR; FRRF RFFR; FFRR RRFF. In 
each successive block of eight trials there 
were four R and four F trials, one R and one 
F trial appearing in each of the four daily 
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trial positions. The Ss in Group P received 
13 such blocks of eight trials after Trials 1-4. 
The Ss in Group C were given continuous 
reinforcement in G, until Trial 77, at which 
time the same schedule of reinforcement 
and nonreinforcement as that received by 
Group P was initiated and continued for 
four blocks of eight trials. The Ss in Group 
N were never rewarded in Gi. 


RESULTS AND DISCUSSION 


In analyzing the Runway 2 per- 
formance, median reciprocal starting 
and running times were computed for 
each block of trials for each S. For 
Ss in Group N this involved the 
computation of medians over Trials 
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of eight trials. The same procedure 
was followed for the Groups P and 
C measures with the exception of 
those blocks in which an S received 
both nonreinforcement (F) and rein- 
forcement (R) in Goal Box 1. In 
these cases separate medians were 
computed for the F and R trials in 
each block. Since the starting and 
running measures present almost iden- 
tical pictures, only the results for 
the running measure will be presented 
here in any detail. 

Figure 2 presents Runway 2 mean 
median running speed under each 
experimental condition as a function 
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Mean median Runway 2 running speeds plotted over blocks of trials for each 
Trial Block 1 represents the appropriate trials for each condition among the first 


four total trials, whereas each following block represents the appropriate trials in each succes- 


sive block of eight total trials. 


The vertical line indicates the point at which nonreinforcement 
conditions were first administered to Group C. 
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the curves for Groups P and C, it 
should be noted that the present 
results agree with those of previous 
studies in again demonstrating a 
greater asymptotic running speed on 
F than on R trials. Inspection of 
Fig. 2 also suggests that for Group 
P this apparent FE does not occur 
during the early acquisition trials 
but develops during training, reaching 
approximately the same magnitude 
as that which occurs in Group C 
immediately upon the introduction 
of nonreinforced trials.” 

In order to evaluate the reliability 
of the apparent FE in Groups P and 
C over Test Blocks 11-14, in con- 
junction with the hypothesis that 
there is no difference in the asymp- 
totic magnitude of FE between the 
two groups, a mixed design analysis 
of variance (Lindquist, 1953, Type 
VI) was computed. Only the data 
for Groups P and C were included in 
this analysis; Trial Blocks and Goal 
Box 1 Condition (F vs. R) were used 
as within-Ss factors and Groups as the 
between factor. The results of this 
analysis indicated that the only 
effect to attain significance was that 
for Goal Box 1 Condition (F = 46.36, 
df =1, 27, P < 001). The failure 
of the interaction of Goal Box 1 
Condition with Groups to prove 
significant confirms the suggestion 
of investigations by Amsel and Han- 
cock (1957) with the separate rein- 
forcement schedules, that there is no 


2 The notable excepiion to this statement 
is the performance of Group P on the first 
block of trials, where there exists a sizable 
difference between F and R running speeds. 
It should be noted that in this block of trials 
only one F trial is compared with the median 
of the three preceding R trials. In considera- 
tion of the large intertrial variability and the 
observation that no difference between F 
and R trials occurs in the next three blocks 
of eight trials, this result should probably 
be attributed to chance factors. 
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difference in the magnitude of the 
apparent FE following extended par- 
tial and continuous reinforcement 
training. 

Of primary concern is the test of 
the response depression vs. the frus- 
tration interpretation of the ap- 
parent FE. The response-depression 
hypothesis interprets the greater vigor 
of performance following nonrein- 
forcement compared to performance 
following reinforcement as being due 
to the demotivating effects of feeding 
on reinforced trials and an absence of 
such demotivating effects on nonrein- 
forced trials. By the same considera- 
tion, there should be no demotivating 
effects upon the Runway 2  per- 
formance of Group N in the present 
investigation since these Ss are never 
fed in G,;. Accordingly Group N 
would be expected to be superior 
to the R-trial performance of Groups 
P and C. Furthermore, if the de- 
motivating effect of feeding is the 
only variable responsible for the 
apparent FE, Group N would not be 
expected to differ from the F-trial 
performance of Groups P and C. 

Inspection of Fig. 2 indicates that 
neither of these predictions were 
confirmed. Rather, in  substantia- 
tion of the frustration hypothesis, 
the Runway 2 performance of Group 
N did not differ over Test Biocks 
11-14 from that of Groups P and C 
following reinforcement, but was in- 
ferior to the performance of Groups 
P and C following nonreinforcement. 
The reliability of these differences 
between Group N and the two condi- 
tions of Groups P and C was evaluated 
by individual ¢ tests. The results 
of these comparisons indicated that 
there was no significant difference be- 
tween Group N and the R-trial per- 
formance of either Groups Por C, 
but that Group:N was significantly 
below the F-trial performance level 
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of both Groups P and C (t = 1.40, 
df = 26,.05 < P < .10,and¢ = 1.77, 
df = 27,P < .05, respectively). While 
the latter differences were only of 
marginal reliability, the results of 
similar comparisons made for the 
starting speed measure (t = 2.14, 
df = 26, P < .025, and ¢ = 2.62, df 
= 27, P < .01, respectively), support 
the conclusion that the inferior per- 
formance of Group N, as compared to 
the F-trial performance of Groups P 
and C, should not be attributed to 
chance. 

The present results clearly support 
Amsel’s theory of frustrative non- 
reward. Considering the perform- 
ance of all three groups, it is evident 
that behavior following nonreinforce- 
ment is more vigorous than behavior 
following reinforcement—but only un- 
der the condition that there has 
occurred previously some minimum 
number of reinforcements. If larger 
magnitudes of reward had been used, 
as in the Seward et al. (1957) experi- 
ment, a retarding effect of feeding 
might also have been observed. How- 
ever, with the present magnitude (as 
with those in the Tulane investiga- 
tions) it appears that the observed 
FE is independent of any demotivat- 
ing effects of feeding. 


SUMMARY 


Two interpretations have been proposed 
to account for the finding that responses 
immediately following the nonreinforcement 
of a previously reinforced response are more 
vigorous than responses immediately follow- 
ing reinforcement. ‘The frustration hypothe- 
sis proposes that this difference in response 
vigor, FE, is due to an increment in drive 
level (D) resulting from nonreinforcement, 
whereas the response-depression hypothesis 
proposes that it may be attributed to a 
decrement in D as a result of reinforcement. 
The present investigation was designed 
primarily as an evaluation of these two 
proposals. 

Forty-three female hooded rats were given 


108 acquisition trials in an apparatus which 
consisted of two alleys in succession, the goal 
box of the first serving as the start box of the 
second. Group P was reinforced in Goal 
Box 1 on half of the trials from the beginning 
of training. Group C was reinforced in 
Goal Box 1 on every trial until Trial 77 after 
which half of the trials were nonreinforced. 
Group N was never reinforced in Goal Box 1. 
All three groups were always reinforced in 
Goal Box 2. 

The analysis of performance in Runway 2 
following reinforcement and nonreinforcement 
in Goal Box 1 indicated that FE was not 
present on the initial trials for Group P but 
developed with partial reinforcement training. 
When nonreinforced trials were administered 
to Group C, FE occurred on the first such 
block of trials and persisted with no signifi- 
cant difference in magnitude from that which 
occurred in Group P. Group N performance 
over the last 32 trials was not significantly 
different from the performance of Groups P 
and C following reinforcement in Goal Box 1. 
Over these same trials Group N_ performed 
significantly below the levels of Groups P 
and C following nonreinforcement in Goal 
Box 1. The performance of Group N relative 
to the other groups was considered as sup- 
porting the frustration hypothesis and con- 
tradicting the predictions of the response- 
depression hypothesis. 
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ERRATUM 


In the article “‘Marginal and Conditional Stimulus and Response Prob- 
abilities in Verbal Conditioning’’ by Jean Engler (J. exp. Psychol., 1958, 55, 
303-317) the upper limit of summation in Equations 4 and 5 on pages 306 
and 307 should be ¢t/ + ¢ — 1 rather than ¢’ + ¢. 
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